PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 : 
C07D 215/56, 401/04, 471/04 
C07D 451/04, A61K 31/44 
A61K 31/47, C07C 51/00 
// (C07D 471 :04, 221 ;00, 221 :00) 



A2 



(11) International Publication Number: 



WO 89/06649 



(43) International Publication Date: 27 July 1989 (27.07.89) 



(21) International Application Number: PCT/US89/00278 

(22) International Filing Date: 23 January 1989 (23.01.89) 
(31) Priority Application Numbers: 



(32) Priority Dates: 



(33) Priority Country: 



147,462 
280,924 



25 January 1988 (25.01.88) 
9 December 1988 (09.12.88) 

US 



(60) Parent Application or Grant 
(63) Related by Continuation 

US 280,924 (CIP) 

Filed on 9 December 1988 (09.12.88) 

(71) Applicant (for all designated States except US): WARN- 
ER-LAMBERT COMPANY [US/US]; 201 Tabor 
Road, Morris Plains, NJ 07950 (US). 



(72) Inventors; and 
(75) Inventors/Applicants (for US only) : DOMAGALA, 

John, Michael [US/US]; 776 Georgetown, Canton, 

MI 48188 (US). HAGEN, Susan, Elizabeth [US/US]; 

1035 Paddington Road, Canton, MI 48187 (US). 

KIELY, John, Steven [US/US]; 4138 Sunset Court, 

Ann Arbor, MI 48103 (US). 

(74) Agents: ANDERSON, Elizabeth, M.; Warner-Lambert 
Company, 2800 Plymouth Road, Ann Arbor, MI 
48105 (US) et al. 

(81) Designated States: AT, AT (European patent), AU, BE 
(European patent), CH (European patent), DE, DE 
(European patent), DK, FI, FR (European patent), 
GB, GB (European patent), IT (European patent), JP, 
KR, LU, LU (European patent), NL, NL (European 
patent), NO, SE, SE (European patent), US. 

Published 

Without international search report and to be repu- 
blished upon receipt of that report. 



(54) Title: ANTIBACTERIAL AGENTS 



(57) Abstract 



Novel naphthyridine-, and quinolinecarboxylic acids as antibacterial agents are described as well as methods for 
their manufacture, formulation, and use in treating bacterial infections including the description of certain novel interme- 
diates used in the manufacture of the antibacterial agents. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCI on the frontpages of pamphlets publishing international appli- 
cations under the PCX. 



AT 


Austria 


FR 


Fiance 


ML 


Mall 


AU 


Australia 


GA 


Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HU 


Hungary 


ML 


Netherlands 


BG 


Bulgaria 


IT 


Italy 


NO 


Norway 


BJ 


Benin 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


SU 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


FI 


Finland 


MG 


Madagascar 







4$ 



WO 89/06649 1 PCT/US89/00278 

ANTIBACTERIAL AGENTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This is a continuation-in-part of United States 
Application Serial No. 147,462 filed January 25, 1988. 

BACKGROUND OF THE INVENTION 

US Patent 4,341,784 discloses certain substituted 
7- ( 3-amino-l-pyrrolidinyl ) -l-ethyl-6-f luoro-1 , 4- 
dihydro-4-oxo-l,8-naphthyridine-3-carboxylic acids 
5 having the general formula: 



r Xi*r 
9 



CQ 2 H 



■N N N* 
I 

C 2 H S 



NHR 



The compounds are disclosed to have antibacterial 

activity. - - — — - — ■ 

The Journal of Medicinal Chemistry, 23, 1358 
(1980) discloses certain substituted quinoline-3- 
10 carboxylic acids having the structural formula 



o 

Fns^v^^X^COsH 



C 2 H 5 



wherein may be pyrrolidinyl . See also US 

Patent 4,146,719. The compounds are disclosed to have 
antibacterial activity. 

Certain 7-heterocyclic substituted 1 , 8-naphthyri- 
15 dines are disclosed in Eur. J. Med. Chem. - Chemica 
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Therapeutica, 29, 27 (1977). US Patents 3,753,993 and 
3,907,808 disclose certain 7-pyridylquinolones . 

European Patent Applications 229,635 and 206,101 
cover certain l,8-bridged-l,4-dihydro-4-quinolinones 
5 having the formula 




wherein Xj. is hydrogen, N0 2 ,1-3C alkyl or halogen; X 2 
is halogen, 1-3 C- alky 1, l-3C-alkylsulphenyl or 
optionally substituted phenylsulphenyl; X 5 is 
hydrogen, halogen or methyl* 
10 US Patent 4,774,246 discloses certain substituted 

l-phenyl-6, 8-dif luoro-1 , 4-dihydro-4-oxo-7- ( 1-pipera- 
zinyl)-quinoline-3-carboxylic acids of general formula 




US Patent 4,704,459 discloses a process for 
certain 1-substituted aryl-l,4-dihydro-4-oxonaph- 
15 . thyridine derivatives of general formula 



WO 89/06649 PCT/US89/00278 

-3- 



0 

XXX 



r2 . n « 




US Patent 4,649/144 discloses certain 
1,8-naphthyridine derivatives of general formula 



R X NH 



US Patent 4,571,396 discloses certain 
naphthyridine-quinoline- , and benzoxazine-carboxylic 
5 acids with a bridged side-chain at the seven-position. 

Copending US application 080,113 discloses 
certain naphthyridine- , quinoline-, and benzoxazine- 
carboxylic acids with a bridged side- chain at the 
seven-position and a hydrogen, fluoro or amino at the 
10 five-position. 

The references teach that these compounds possess 
antibacterial activity. 

SUMMARY OF THE INVENTION 



15 



One aspect of the present invention is a compound 
of Formula I 



WO 89/06649 PCT/US89/00278 

-4- 



R 3 O 

COORi 



Z^X^N^ 
I 

- R 2 



or a pharmaceutical]^ acceptable acid addition or base 

salt thereof wherein 

„ . NR5R6 

Z xs I 

y ^ <CR 5 R 6 ) n 

R 4 — N N — or 



R4 



N N- 



wherein R 4 is hydrogen, alkyl of from one to 
5 four carbon atoms, or cycloalkyl of from three to 
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six carbon atoms, R' is hydrogen, hydroxyl, alkyl of 
from one to four carbon atoms, phenyl or phenyl 
substituted by halogen, alkyl or alkoxy, n is an 
integer of from 0 to 4, R 5 and R 6 are each 
5 independently hydrogen, lower alkyl or cycloalkyl; X 
is CH, CF, CC1, CBr, N, CCF 3 , CNH 2 , CN0 2 , CR, or COR 1 
wherein R is lower alkyl and R" is hydrogen or lower 
alkyl; 

R 3 is lower straight, branched, or cyclic alkyl 
10 of from one to three carbon atoms; 

R 2 is alkyl of from one to four carbon atoms, 
vinyl, haloalkyl, hydroxyalkyl of from two to 
four carbon atoms, cycloalkyl of from three to 
six carbon atoms, phenyl or phenyl substituted by 
15 halogen, alkyl, NH 2 or OH; 

R* is hydrogen, alkyl of from one to six carbon 
atoms, or a cation. 

-The preferred compounds of this invention are 
those wherein X is CH, CF, CCl, or N. 
20 Also- preferred , compounds of the invention are 

those wherein R 2 is cyclopropyl , ethyl , or 
2 , 4-dif luorophenyl . 

Other preferred compounds of the invention are 
those wherein R 3 is methyl, ethyl, isopropyl, or 
25 cyclopropyl . 

Other preferred compounds of this invention are 
those wherein R x is hydrogen or a pharmaceutically 
acceptable base salt such as a metal or amine salt. 
Other preferred compounds of this invention are 
30 those wherein Z is 
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R4— N 



N — 



or 



1 



wherein R 4 is hydrogen or methyl, R f is hydrogen or 
methyl, n is 0, 1, or 2, R 5 and R 6 are each 
independently hydrogen or methyl. 

Particularly preferred compounds are those where 
5 2 is selected from the group consisting of 
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Most preferred compounds include those wherein X 
is CH, CF, CC1; R 2 is cyclopropyl; R 3 is CH 3 , Et; R x 
is Hx and Z is 




Particularly preferred compounds of the invention 
5 are compounds having the names: 

l-cyclopropyl-6, 8-dif luoro-l r 4-dihydro- 5 -methyl - 
4-0x0-7- ( 1-piperazinyl ) -3-guinolinecarboxylic acid, 

7- (3-amino-l-pyrrolidinyl ) -l-cyclopropyl-6 , 8- 
difluoro-l,4-dihydro-5-methyl-4-oxp-3-guinoline- 
10 carboxylic acid, 

l-cyclopropyl-7- [3- [ethylamino )methyl] -1-pyrroli- 
dinyl] -6 , 8-difluoro-l ,4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 

7- [3- ( ami nomethyl ) -3-methyl-l-pyrrolidinyl] -1- 
15 cyclopropyl-6 , 8-difluoro-l, 4-dihydro-5 -methyl -4-oxo-3- 
quinolinecarboxylic acid, 

l-cyclopropyl-6 , 8-difluoro-l , 4-dihydro-5-methyl-7- 
[3-methyl-l-piperazinyl ] -4-OXO-3 -guinolinecarboxylic 
acid, 

20 l-cyclopropyl-6- fluoro-1 , 4-dihydro-5-methyl-4-oxo- 

7-(l-piperazinyl)-3-guinolinecarboxylic acid, 

l-cyclopropyl-6-fluoro-l , 4-dihydro-5-methyl-7- 
( 3 -methyl-l-piperazinyl)-4-oxo-3 -guinolinecarboxylic 
acid, 

25 7- (3-amino-l-pyrrolidinyl) -l-cyclopropyl-6- fluoro- 

1 , 4-dihydro-5-methyl-4-oxo-3 -guinolinecarboxylic acid. 
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6- f luoro-1- (2 ,4-difluorophenyl )-l,4-dihydro-5- 
methyl-7- (3-methyl-l-piperazinyl )-4-oxo-3-quinoline- 
carboxylic acid, 

7- ( 3-amino-l-pyrrolidinyl ) -6-f luoro-1- (2,4- 

5 dif luorophenyl ) -1 , 4 - dihydr o - 5 -methyl - 4 - oxo - 3 -guinoline- 
carboxylic acid, 

7- [3- ( aminomethyl ) -3-methyl-l-pyrrolidinyl ] -6- 
f luoro-1- (2 , 4-difluor ©phenyl ) -1 , 4-dihydro-5-methyl- 
4-oxo-3-quinolinecarboxylic acid, 
10 7- [3- ( endo-amino ) -8-azabicyclo [3.2.1] oct-8-yl ] -8- 

chloro-l-cyclopropyl-6- f luoro-1, 4-dihydro-5-methyl -4- 
oxo-3-quinolinecarboxylic acid, 

and pharmaceutically acceptable acid addition or 
base salts thereof. 
15 Other preferred compounds of the invention are 

compounds having the names: 

l-cyclopropyl-6 , 8-dif luoro-1 , 4-dihydro-5-ethyl-7- 
[3-methyl-l-piperazinyl]-4-oxo-3-quinolinecarboxylic 
acid, 

20 7- ( 3-amino-l-pyrrolidinyl ) -l-cyclopropyl-5-ethyl- 

6 , 8-dif luoro-1 , 4-dihydro-4-oxo-3-quinolinecarboxylic 
acid, 

7- ( 3-amino-l-pyrrolidinyl ) -1 , 5-dicyclopropyl-6 , 8- 
dif luoro-1 , 4-dihydro-4-oxo-3-quinolinecarboxylic acid, 
25 l-cyclopropyl-7- [3- [ ( ethyl amino) methyl] -1-pyrro- 

lidinyl] -6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quino- 
linecarboxylic acid, 

7- [3- ( aminomethyl ) -3 -methyl -1-pyrrolidinyl ] -1- 
cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-3- 
30 quinolinecarboxylic acid, 

7- ( 3-amino-i-pyrrolidinyl )-8-chloro-l-cyclopropyl- 
6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 

8- chloro-l-cyclopropyl-7- [3- [ (ethyl amino) methyl ] - 
35 1-pyrrolidinyl] -6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-3- 

quinolinecarboxylic acid, 



4% 
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8-chloro-l-cyclopropyl-6-f luoro-1, 4-dihydro-5- 
methyl-4-oxo-7- ( l-piperazinyl ) -3-quinolinecarboxylic 
acid, 

8-chloro-l-cyclopropyl-6-fluoro-l,.4-dihydro-5- 
5 methyl- 7- ( 3-methyl-l-piperazinyl ) -4-oxo-3-quinoline- 
carboxylic acid, 

7- [3- ( aminomethyl ) -3 -me thy 1- 1 -pyrr o lidiny 1 ] -8- 
chloro-l-cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4- 
oxo-3-quinolinecarboxylic acid,. 

10 7- (3-amino-l-pyrrolidinyl )-8-bromo-l-cyclopropyl- 

6- f luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 

8- bromo-l-cyclopropyl-6-f luoro-1 , 4-dihydro-5- 
methyl-7- ( 3 -methyl-l-piperazinyl ) -4-oxo-3-quinoline- 

15 carboxylic acid, 

7- [3- ( aminomethyl ) -3-methyl-l-pyrrolidinyl] -8- 
bromo-l-cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4- 
oxo-3-quinolinecarboxylic acid, 

7- ( 3-amino-l-pyrrolidinyl )-l-cyclopropyl-6-f luoro- 
20 1 , 4-dihydro-8-hydroxy-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 

l-cyclopropyl-7- [3- [ ( ethylamino Jmethyl] -1-pyrroli- 
dinyl ] -6-f luoro-1 , 4-dihydro-8-hydroxy-5-methyl-4-oxo- 
3-quinolinecarboxylic acid, 
25 l-cyclopropyl-6-f luoro-1 , 4-dihydro-8-hydroxy-5- 

methyl-4-oxo-7- ( l-piperazinyl ) -3-quinolinecarboxylic 
acid, 

7- (3-amino-l-pyrrolidinyl )-l-cyclopropyl-6-fluoro- 
1 , 4-dihydro-8-methoxy-5-methyl-4-oxo-3-quinolinecar- 
30 boxylic acid, 

l-cyclopropyl-7- [3- [ ( ethylamino ) methyl ] - 1 -pyr r o 1 i - 
dinyl] -6-f luoro-1 ,4-dihydro-8-methoxy-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 

l-cyclopropyl-6-fluoro-l,4-dihydro-8-methoxy-7-(3- 
3 5 methyl-l-piperazinyl ) -5-methyl-4-oxo-3-quinolinecar- 
boxylic acid, 



/ 
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7- (3-amino-l-pyrrolidinyl)-l-cyclopropyl-6-fluoro- 
1 , 4-dihydro-5-methyl-8-ni-tro-4-oxo-3-guinolinecarboxylic 
acid, 

l-cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-7- ( 3- 
5 methyl-l-piperazinyl )-8-nitro-4-oxo-3-quinolinecar- 
boxylic acid,, 

7* [3- ( aminomethyl )-3-methyl-l-pyrrolidinyl ] -1- 
cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-8-nitro-4-oxo- 
3-quinolinecarboxylic acid, 
10 8-amino-7-(3-amino-l-pyrrolidinyl)-l-cyclopropyl-6- 
f luoro-1 , 4-dihydro-5-methyl-4-oxo-3-c[uinolinecarboxylic 
acid, 

8- amino-l-cyclopropyl-6-f luoro-1 , 4-dihydro-5- 
methyl-7- (3-methyl-l-piperazinyl )-4-oxo-3-quinoline- 

15 carboxylic acid, 

8-amino-7- [3- ( aminomethyl )-3-methyl-l-pyrroli- 
dinyl] -l-cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4- 
oxo-3-quinolinecarboxylic acid, 

7- ( 3-amino-l-pyrrolidinyl )-l-cyclopropyl-6-f luoro- 
20 5-methyl-l, 4-dihydro-4-oxo-l, 8-naphthyridine-3 -carboxylic 
acid, 

l-cyclopropyl-6-f luoro-1, 4-dihydro-5-methyl-7- (3- 
methyl-l-piperazinyl )-4-oxo-l , 8-naphthyridine-3 -car- 
boxylic acid, 

25 l-cyclopropyl-5-ethyl-6-f luoro-1 , 4-dihydro-4-oxo- 

7-( 1-piperazinyl )-l , 8-naphthyridine-3 -carboxylic acid, 
7- (3-amino-l-pyrrolidinyl ) -6 , 8-dif luoro-1- (2,4- 

dif luorophenyl ) -1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 

carboxylic acid, 
30 6 , 8-dif luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5- 

methyl-7-( 3-methyl-l-piperazinyl )-4-oxo-3-quinoline- 

carboxylic acid, 

7- [3- ( aminomethyl) -3-methyl-l-pyrrolidinyl ] -6 , 8- 

dif luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5-methyl- 
35 4-oxo-3-quinolinecarboxylic acid, 
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7- ( 3-amino-l-pyrrolidinyl ) -l-ethyl-6 , 8-difluoro- 
1 , 4-dihydxo-5-methyl-4-oxo-3-quinolinecarboxylic acid, 

l-ethyl-7- [3- [ ( ethylamino )methyl ] -1-pyrrolidiiiyl ] - 
6 , 8-dif luoro-1 , 4-dihydro-5-methyl-4-oxo-3 -qtiinoline- 
5 carboxylic acid, 

7- (3-amino-l-pyrrolidinyl ) -6 , 8-dif luoro-1- (2- 
f luoroethyl ) -1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 

6 , 8-dif luoro-1- ( 2 - f luoroethyl ) -1 , 4-dihydro-5- 
10 methyl-4-oxo-7-( 1-piperazinyl ) -3 -guinolinecarboxylic 
acid, 

7- ( 3-amino-l-pyrrolidinyl ) -6 , 8-dif luoro-1 , 4- 
dihydro-5-methyl-4-oxo-l-vinyl-3 -guinolinecarboxylic 
acid r 

15 6, 8-dif luoro-1, 4-dihydro-5-methyl-4-oxo-7-(l- 

piperazinyl ) -l-vinyl-3 -guinolinecarboxylic acid, 

6 , 8-dif luoro-1 , 4-dihydro-5-methyl-7- ( 3-methyl-l- 
piperazinyl )-4~oxo-l-vinyl-3-guinolinecarboxylic acid, 
7- ( 3-amino-l-pyrrolidinyl ) -6-fluoro-l- (2,4- 

_ 20 - difluorophenyl )-l , 4-dihyto 

carboxylic acid, 

6- fluoro-l- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5- 
methyl-7-(3 , 5-dimethyl-l-piperazinyl)-4-oxo-3- 
guinoiinecarboxylic acid, 

25 7- (3-amino-l-pyrrolidinyl ) -l-ethyl-6-f luoro-1, 4- 

dihydro-5-methyl-4-oxo-3-guinolinecarboxylic acid, 

l-ethyl-6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-7- 
( 1-piperazinyl ) -3 -guinolinecarboxylic acid, 

7- [3- [ ( ethylamino ) methyl ] -1-pyrrolidinyl ] -6- 

30 f luoro-1- (2-f luoroethyl) -1, 4-dihydro-5-methyl-4-oxo-3- 
guinolinecarboxylic acid, 

6- f luoro-1- ( 2-f luoroethyl ) -1 , 4-dihydro-5-methyl- 
7- ( 3~methyl-l-piperazinyl )-4-oxo-3-quinolinecarboxylic 
acid. 
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7-(3-amino-l-pyrrolidinyl)-6-fluoro-l-(2-fluoro- 
ethyl ) -1 , 4-dihydro-5-methyl-4-oxo-3-guinolinecarboxylic 
acid, 

7- ( 3 -amino-l-pyrrolidinyl ) -6- f luoro-1 , 4-dihydro-5- 
5 - methyl-4-oxo-l-vinyl-3-quinolinecarboxylic acid, 

6- f luoro-1 , 4-dihydro-5-methyl-7- ( 3 , 5-dimethyl-l- 
piperazinyl )-4-oxo-l-vinyl-3-quinolinecarboxylic acid, 

8- chloro-7-(3-amino-l-pyrrolidinyl)-6-fluoro-l- 
( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5-methyl-4-oxo-3- 

10 gainolinecarboxylic acid, 

8-chloro-6-f luoro-1- { 2 , 4-dif luorophenyl ) -1 , 4- 
dihydro-5-methyl-7-(3-methyl-l-piperazinyl)-4-oxo-3- 
quinolinecarboxylic acid, 

7- [3- ( aminomethyl ) -3-methyl-l-pyrrolidinyl ] -8- 
15 chloro-6-f luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5- 

methyl-4-oxo-3-quinolinecarboxylic acid, 

8- chloro-6-f luoro-1- ( 2 , 4-dif luorophenyl )-l,4- 
dihydro- 5 -methyl -7 - ( 3 , 5-dimethyl-l-piperazinyl ) -4- 
oxo-3-quinolinecarboxylic acid, 

20 8-chloro-l-ethyl-6-f luoro-1, 4-dihydro-5-methyl -4- 

oxo-7-piperazinyl-3-quinolinecarboxylic acid, 

7-(3-amino-l-pyrrolidinyl)-8-chloro-l-ethyl-6- 
f luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic 
acid, 

25 8-chloro-l-ethyl-7- [3- [ ( ethylamino )methyl] -1- 

pyrrolidinyl] -6-f luoro-1, 4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 

7- (3-amino-l-pyrrolidinyl)-8-chloro-6-fluoro-l- 

( 2-f luoroethyl ) -1 , 4-dihydro-5-methyl-4-oxo-3 -quinoline- 
30 carboxylic acid, 

8- chloro- 6-f luoro-1- ( 2-f luoroethyl ) -1 , 4-dihydro-5- 
methyl-7- ( 3-methyl-l-piperazinyl )-4-oxo-3-quinoline- 
carboxylic acid, 

7- (3 -amino-l-pyrrolidinyl )-8-chloro-6-f luoro-1 , 4- 
35 dihydro-5-methyl-4-oxo-l-vinyl-3-quinolinecarboxylic 
acid, 
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8-chloro-6-f luoro-1, 4-dihydro-5-me1±yl-4-oxo-7- 
( 1-piperazinyl ) -l-vinyl-3-quinolinecarboxylic acid, 

7-(3-amino-l-pyrrolidinyl)-l-cyclppropyl-6-fluoro- 
1 , 4-dihydro-5 , 8-dimethyl-4-oxo-3-quinolinecarboxylic 
5 acid, 

l-cyclopropyl-6-f luoro-1 , 4-dihydro-5 , 8 -dimethyl -4- 
oxo-7- (1-piperazinyl )-3-quinolinecarboxylic acid/ 

l-cyclopropyl-6-f luoro-1, 4-dihydro-5 , 8-dimethyl-7- 
( 3 -methyl-l-piperazinyl ) -4-oxo-3-quinolinecarboxylic 
10 acid, 

7- [3 - ( aminomethyl ) -3 -methyl- 1-pyrrolidinyl ] -1- 
cyclopropyl-6-f luoro-1 ,4-dihydro-5 , 8-dimethyl-4-oxo- 
3-quinolinecarboxylic acid, 

l-cyclopxopyl-7- [3- [ ( ethylamino )methyl] -1- 
15 pyrrolidinyl] -6-f luoro-1 ,4-dihydro-S, 8-dimethyl-4-oxo- 
3-quinolinecarboxylic acid, 

7- ( 3 -amino-l-pyrrolidinyl ) -6 - f luoro-1- (2,4- 
dif luorophenyl ) -1 , 4-dihydro-5 , 8 - dime thy 1-4- oxo -3 - 
quinolinecarboxylic acid, 
20 6-f luoro-1- (2, 4-dif luorophenyl )-l,4-dihydro-5, 8- 

dimethyl-7- (3-methyl-l-piperazinyl )-4-oxo-3 -quinoline- 
carboxylic acid, 

7- [3- ( aminomethyl ) -3 -methyl- 1-pyrrolidinyl ] -6- 
f luoro-1- (2 , 4-dif luorophenyl )-l, 4-dihydro-5 , 8 -dimethyl - 
25 4-oxo-3-quinolinecarboxylic acid, 

7- ( 3 -amino-l-pyrrolidinyl ) -l-ethyl-6-fluoro-l , 4- 
dihydro-5 ,8-dimethyl-4-oxo-3-quinolinecarboxylic acid, 

l-ethyl-6-f luoro-1, 4-dihydro- 5 , 8-dimethyl-7- (3- 
methyl-l-piperazinyl ) -4-oxo-3-quinolinecarboxylic 
30 acid, 

7 - ( 3-amino-l -pyrrolidinyl ) -l-cyclopropyl-6-f luoro- 
8-trif luoromethyl-1 , 4 - dihy dr o - 5 -methyl - 4 - oxo - 3 - 
quinolinecarboxylic acid, - 

l-cyclopropyl-6-f luoro-8-trif luoromethyl-1 , 4- 
3 5 dihy dr o - 5 -methyl -4- oxo - 7 - ( 1-piperazinyl ) -3-quinoline- 
carboxylic acid, 
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l-cyclopropyl-6-f luoro-8-trif luoromethyl-1 , 4- 
dihydro-5-methyl-7- (3-methyl-l-piperazinyl )-4-oxo-3- 
guinolinecarboxylic acid, 

7- [3- ( aminomethyl )-3-methyl-l-pyrrolidinyl ] -1- 
5 cyclopropyl-6-f luoro-8-trif luoromethyl-1 , 4-dihydro-5- 
methyl-4-oxo-3-quinolinecarboxylic acid, 

l-cyclopropyl-7- [3- [ ( ethylamino )methyl ] -1- 
pyrrolidinyl] -6-fluoro-8-trif luoromethyl-1 , 4-dihydro- 
5-methyl-4-oxo-3-quinoIinecarboxylic acid, 
10 7-(3-amino-l-pyrrolidinyl )-6-fluoro-l- (2 ,4- 

dif luorophenyl ) -8-trif luoromethyl-1 , 4-dihydro-5 -methyl - 

4- oxo-3-quinolinecarboxylic acid, 

6- f luoro-1- ( 2 , 4-dif luorophenyl ) -8-trif luoromethyl- 
1 , 4-dihydro-5-methyl-7- (3-methyl-l-piperazinyl ) -4-oxo- 

15 3-quinolinecarboxylic acid, 

7- [3- ( aminomethyl ) - 3 -methyl - 1 -pyrr o 1 idiny 1 ] - 6 - 
f luoro-1- ( 2 , 4-difluorophenyl ) -8-trif luoromethyl-1 , 4- 
dihydro-5-methyl-4-oxo-3-guinolinecarboxylic acid, 

7-(3-amino-l-pyrrolidinyi )-l-ethyl-6-f luoro-8- 
20 trif luoromethyl-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 

l-ethyl-6-f luoro-8-trif luoromethyl-1 , 4-dihydro- 

5- methyl-7- (3-methyl-l-piperazinyl )-4-oxo-3-quinoline- 
carboxylic acid, 

25 l-ethyl-6 , 8 -dif luoro-1 , 4-dihydro-5-methyl-4-oxo- 

7- ( 1-piperazinyl ) -3-quinolinecarboxylic acid , 

6 , 8-dif luoro-1- ( 2 , 4-difluorophenyl ) -1 , 4-dihydro- 
5-methyl-4-oxo-7-( 1-piperazinyl )-3-guinolinecarboxylic 
acid, 

30 6 , 8-dif luoro-1- ( 2 , 4-difluorophenyl ) -1 , 4-dihydro-5- 

methyl-7- ( 3 , 5-dimethyl-l-piperazinyl ) -4-oxo-3 -guinoline- 
carboxylic acid, 

6-f luoro-1- ( 2 , 4-difluorophenyl ) -1 , 4-dihydro-5- 
methyl-4-oxo-7-( 1-piperazinyl) -3 -guinolinecarboxylic 

35 acid, and 
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7- [3- (ethyl amino )methyl-l-pyrrolidinyl] -6-f luoro- 
1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid. 

The invention further includes certain novel 
intermediate compounds having the names 

1- cyclopropyl-6 , 7 , 8-trifluoro-l, 4-dihydro-5- 
methyl-4-oxo-3-quinolinecarboxylic acid ethyl ester, 

2,3,4, 5-tetraf luoro-6-methylbenzoic acid, 
2,3,4, 5-tetraf luoro-6-methylbenzoyl chloride , 
ethyl 3- (2 , 3 , 4 , 5-tetraf luoro-6-methylphenyl )-0- 

oxo-propanoate , 

ethyl 2 - ( 2 , 3 , 4 , 5 -tetraf luoro- 6-methylbenzoyl ) -3 - 

ethoxy aery late , 

2 - ( 2 , 4 , 5-trifluoro-3 -trimethylsilylphenyl )-4,4- 

dimethyl-2 -oxazoline , 

ethyl 2-(2,3,4,5 -tetraf luoro- 6 -me thy lb enz oy 1 ) -3 - 

cyclopropylaminoacrylate , 

2- ( 2 , 4, 5-trif luoro-6-methyl-a-trimethylsilyl- 
phenyl )-4 , 4-dimethyl-2-oxazoline , 

2- ( 2 - 9 4 , 5-trifluoro-6-methy Iphenyl ) -4,4-dimethyl-2- 
oxazoline, 

2- ( 3 -chloro-2 , 4 , 5-trif luoro-6-me thy Iphenyl ) -4 , 4- 
dimethyl-2-oxazoline , 

2- ( 3-bromo-2 , 4, 5-trif luoro-6-methylphenyl ) -4 , 4- 
dime thy 1-2 -oxazoline, 

2-(2,4, 5-trif luoro-3-hydroxy-6-methy Iphenyl) -4, 4- 
dimethyl-2-oxazoline, 

2- ( 2 , 4 , 5-trif luoro-6-methy 1-3 -nitrophenyl )-4,4- 
dimethyl-2 -oxazoline, 

2- ( 2 , 4 , 5-trif luoro-3 r 6-dimethylphenyl )-4,4- 
dimethyl-2-oxazoline , 

2- [2,4, 5-trif luoro-3- (trif luoromethyl) -6-methyl- 
phenyl ) -4 , 4-dimethyl-2 -oxazoline , 

2 , 6-dichloro-5-f luoro-4-methyl-3-pyridinecarboxylic 

acid. 
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3-chloro-2 , 4 , 5-trif luoro-6-methylbenzoic acid, 
3-bromo-2 , 4 , 5-trif luoro-6-methylbenzoic acid, 
2,4,5-trifluoro-6-methyl-3-nitrobenzoic acid, and 
2,4, 5-trif luoro-3 , 6-dimethylbenzoic acid. 
5 Another aspect of the instant invention is the 

following process for preparing compounds of Formula I 




R 2 



wherein R lf R 2 , R3* *U# Rsr Re/ Z/ n, R f # and X are as 
defined above which comprises reacting a compound of 
Formula II 




I 



10 with an amine corresponding to the group 2 

wherein all of the above terms are as defined above in 
Formula I and L is a leaving group which may 
preferably be fluorine or chlorine* 

Yet another aspect of the instant invention is a 

15 process for preparing compounds of formula 
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wherein R is alkyl which comprises reacting a penta- 
fluorooxazoline with alkyl lithium producing a 
compound of formula 




followed by acidic hydrolysis. 
5 Yet another aspect of the present invention is a 

process for preparing compounds of formula 



R 




H 



wherein R is alkyl which comprises 

(a) reacting a compound of formula 



* 
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with a base and trimethylsilyl chloride producing a 
compound of formula 

SiMe 3 

(b) reacting that compound with a base and an 
alkyl halide producing a compound of formula 




SiMe 3 



5 (c) removing the SiMe 3 and 

(d) hydrolyzing the resulting compound. 

Yet another aspect of the present invention is a 
process for preparing naphthyridines of Formula I by 
(a) reacting a compound of formula 
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I 

R 2 



with oxalyl chloride and dimethyl formamide and 
quenching with alcohol to produce the corresponding 
ester 




I 

R 2 



(b) reducing the double bond to produce a 
5 compound of formula 




I 

R 2 



(c) treating the compound from step (b) with a 
base, then methyl iodide to produce the alkylated 
compound* 

9 




\ 
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(d) reintroducing the double bond and reacting 
the resulting naphthyridine with the desired amine by 
known means. 

The invention also includes a pharmaceutical 
5 composition which comprises an antibacterially 
effective amount of a compound having structural 
Formula I and the pharmaceutically acceptable salts 
thereof in combination with a pharmaceutically 
acceptable carrier. 
10 The invention further includes a method for 

treating bacterial infections in a mammal which 
comprises administering an antibacterially effective 
amount of the above defined pharmaceutical composition 
to a mammal in need thereof. 

15 DETAILED DESCRIPTION 

The compound of the invention having the 
structural Formula I may be readily prepared by 
treating a corresponding compound having the ^ . 
Formula II above with the desired cyclic amine as 

20 defined by 2. For purposes of this reaction, the 
alkylamine substituent of Z may, if desired, be 
protected by a group which renders it substantially 
inert to the reaction conditions. Thus, for example, 
protecting groups such as the following may be 

25 utilized: 

carboxylic acyl groups such as formyl, acetyl, 
trifiuoro acetyl ; 

alkoxycarbonyl groups such as ethoxycarbonyl , 
t-butoxycarbonyi , p , p , p -trichloroethoxycarbonyl , 
30 p -iodoethoxycarbonyl ; 

aryloxycarbonyl groups such as benzyl oxycarbonyl , 
E>-methoxybenzyloxycarbonyl , phenoxycarbonyl ; 
silyl groups such as trimethylsilyl; and groups such 
as trityl, tetrahydropyranyl , vinyloxycarbonyl , 
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o-nitrophenylsulf enyl , diphenylphosphinyl , 
g-toluenesulfonyl, and benzyl may all be utilized. 
The protecting group may be removed after the reaction 
between a compound as defined by Formula II and Z if 
desired, by procedures known to those skilled in the 
art. For example, the ethoxycarbonyl group may be 
removed by acid or base hydrolysis and the trityl 
group may be removed by hydrogenolysis. 

The reaction between the compound Formula II and 
a suitably protected compound as defined by Z may be 
performed with or without a solvent, preferably at 
elevated temperature for a sufficient time so that the 
reaction is substantially complete. The reaction is 
preferably carried out in the presence of an acid 
acceptor such as an alkali metal or alkaline earth 
metal carbonate or bicarbonate, a tertiary amine such 
as triethylamine, pyridine, or picoline. 
Alternatively an excess of the compound of Formula VI 
may be utilized as the acid acceptor. 

Convenient solvents for this -reaction are 

nonre active solvents such as acetonitrile, tetrahydro- 
furan, ethanol, chloroform, dimethylsulf oxide, 
dimethyl formamide, pyridine, picoline, water, and the 
like. Solvent mixtures may also be utilized. 

Convenient reaction temperatures are in the range 
of from about 20° to about 150°C; higher temperatures 
usually require shorter reaction times. . 

The removal of the protecting group may be 
accomplished either before or after isolating the 
product, I. Alternatively, the protecting group need 
not be removed. 

The compounds of the invention of Z are either 
known compounds or they may be prepared from known 
starting materials by standard procedures or by 
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variations thereof. For example, 3-pyrrolidinemethan- 
amines having the formula D 



I N— H 

9 

CH 2 NHR 3 



may be readily prepared from the known starting 
material methyl 5-oxo-l-(phenylmethyl)-3-pyrrolidine- 
carboxylate, A, [J. Org- Chem. , 26, 1519 (1961)] by 
the following reaction sequence. 



; ^ C0 2 CH 3 ^ CONHR3 

J~"j miR * * J J 

I I 

CH2C5H5 CH2C6H5 



^ CH2NHR3 ^ CH2NHR3 

^ & 

H ' 

CH2C5H5 
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The compound wherein R 3 is hydrogen, namely 
3-pyrrolidinemethanamine, has been reported in J. Org. . 
Chem., 26, 4955 (1961). 

Thus Compound A may be converted to the * 
5 corresponding amide B by treatment with R 3 NH 2 ; for 
example, a saturated solution of ethylamine in an 
alkanol such as methyl alcohol may be utilized. The 
diamide B may next be reduced to produce the 
corresponding diamine C. This reduction may be 

10 carried out using lithium aluminum hydride, for 

example, in a convenient solvent such as tetrahydro- 
furan. Compound C may next be debenzylated, for 
example using hydrogen and 20% palladium on carbon 
catalyst to produce the diamine D. Alternatively, 

15 when R = H in C, the primary amine function may be 
protected with a group R 4 as defined, hereinabove. 
For example, the primary amine function may be 
acylated with an acyl halide such .as acetyl chloride 
by well known procedures. The primary amine function 

20 of C may also be converted to a carbamate ester such 
as the ethyl ester by treatment with ethyl chloro- 
formate in the presence of a strong base such as 
1 , 8-diazabicyclo [5.4. 0 ]undec-7-ene in a convenient 
solvent such as methylene chloride. The benzyl group 

25 may next be removed, for example as described above 
for Compound C, thereby producing Compound D where R 
is -C0 2 Et, which after conversion to a compound of Z 
may be reacted with a compound having the Formula II 
to thereby produce a corresponding compound having the 

30 Formula I. The -C0 2 Et group may be removed by 
standard procedures. 

The syntheses of the starting compounds 
represented by Formula II are illustrated in the 
following schemes. 



WO 89/06649 



PCT/US89/00278 



-25- 



Scheme 1 below illustrates the formation of 
l-cyclopropyl-6 , 7 , 8-trif luoro-1 , 4-dihydro-5-alkyl-4- 
oxo-3-quinolinecarboxylic acid. 
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In Scheme 1 above the 2-pentafluorophenyl-4,4- 
dimethyl-2-oxazoline III is reacted with alkyl lithium 
at -20°C to +25°C to give the 2-(2,3,4,5-tetrafluoro- 
6-alkylphenyl)-4,4-dimethyl-2-oxazoline IV which is 
5 hydroiyzed under acidic conditions (preferably 
refluxing dilute hydrochloric acid) to give the 
corresponding benzoic acid V. Compound V is reacted 
with oxalyl chloride and the product condensed with 
the di anion of monoethyl malonate (prepared from 

10 monoethyl malonic acid and n-butyl lithium in THF) to 
produce ketoester VII * This ketoester is treated with 
triethyl ortho formate in acetic anhydride to form 
adduct VIII. Reaction of compound VIII with cyclo- 
propylamine in t-butanol or ether gives enamine IX; 

15 other primary amines can be used in this reaction, 
such as aliphatic amines (ethyl amine etc.) and 
aromatic amines (p-fluoroaniline, 2,4-difluoroaniline, 
etc*) The enamine is reacted with potassium 
t-butoxide in dry t-butanol to form the desired 

20 cyclized compound X, which can be hydroiyzed in 
refluxing acid to give Compound XI. 
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Scheme 2 below illustrates syntheses of 
5-alkyl,8-X quinolines (X * F). 




R O O <R H, CH 3 ) 

-Ay. 

T ^y^^ XXVI 

N(R,1, A (R, - O. H) 
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In Scheme 2 above the acid XII is converted to 
its acid chloride via reaction with oxalyl chloride, 
and the acid chloride is treated with 2 -amino -2- 
methyl-l-propanol to give N- (2-hydroxy-l, 1-dimethyl- 
5 ethyl ) -2 , 4 , 5-trif luorocarboxamide ( Compound XI 1 1 ) ♦ 
This amide is cyclized to the crucial intermediate 
oxazoline XIV by reaction with thionyl chloride in 
chloroform* Compound XIV is then treated with a base, 
preferably lithium diisopropylaiaide, in THF or ether 

10 at -78 °C and quenched with trimethylsilyl chloride to 
produce silylated oxazoline XV. Compound XV is 
treated with base (again, preferably lithium 
diisopropyl amide) in THF or ether at 0°-20°C and then 
quenched with an alkyl iodide to give, upon work-up, 

15 the alkylated intermediate XVI. Removal of the 

trimethylsilyl group is accomplished by treatment with 
cesium fluoride in wet DMF; the resulting 
compound XVII is hydrolyzed to the corresponding 
benzoic acid XVIII in refluxing dilute hydrochloric 

20 acid. This benzoic acid is elaborated into l^cyclo- 
propyl-6 , 7-difluoro-l , 4-dihydro-5-alkyl-4-oxo-3- 
quinolinecarboxylic acid using the methodology 
previously described in Scheme I. 

Alternatively, silylated intermedate XVI can be 

25 transformed into a variety of 3-substituted compounds 
via ipso attack on the trimethylsilyl group* For 
example, Compound XVI is reacted with chlorine in the 
presence of iron powder and then hydrolyzed in dilute 
refluxing acid to give 3-chloro-2,4,5-trifluoro-6- 

30 alkylbenzoic acid XIX; this acid is elaborated as 

before to give quinoline XX. Similarly, oxazoline XVI 
is treated with N-bromosuccinimide in chloroform (or 
with pyridinium bromide perbromide in dichloromethane ) 
to give the analogous 3-bromo oxazoline which is 

35 hydrolyzed and carried on to give Compound XXII. 

Reaction of intermediate XVI with lead tetraacetate 
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and trifluoro acetic acid, followed by acid hydrolysis, 
gives 2,4, 5-trif luoro-3-hydroxy-6-alkylbenzoic acid 
(XXIII); the phenol can be converted to the methyl 
ether via reaction with methyl iodide and potassium 
5 carbonate in acetone. This 2,4, 5-trif luoro-3-methoxy- 
6-alkylbenzoic acid is carried on to the 8-methoxy 
guinoline XXIV (where R = CH 3 ) ; further treatment with 
HBr cleaves the methyl ether to give the corresponding 
8-hydroxy guinoline XXIV (where R = H) . Finally, 

10 nitration of silylated compound XVI with nitric acid 
in sulfuric acid and hydrolysis of the consequent 
compound yields nitro acid XXV, which is further 
elaborated to afford l-cycloprapyl-6,7-difluoro-l,4- 
dihydro-5-alkyl-8-nitro-4-oxo-3-quinolinecarboxylic 

15 acid XXVI (where R x = 0). Reduction of the nitro 
group to the amino group can be accomplished using 
Raney nickel to yield guinoline XXVI (where R a = H) . 
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Scheme 2A below outlines an alternative route to 
the 5-alkyl, 8-chloro guinolones. 




XX 



In Scheme 2A above the oxazoline XIV is treated 
with a base, preferably lithium diisopropylamide, in 
THF at -78 °C and quenched with hexachloro acetone to 
produce the chloro oxazoline XXXVIII. Compound XXXVIII 
is treated again with a base, preferably lithium 
diisopropylamide, in THF at 0°C and 
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quenched with an alkyl iodide to give, upon work-up, 
the intermediate XXXIX. Hydrolysis of the oxazoline 
moiety in refluxing dilute hydrochloric acid gives 
benzoic acid XIX. This acid is elaborated into 
5 8-chloro-l-cyclopropyl-6 , 7-dif luoro-1 ,4-dihydro-5- 
alkyl -4-oxo-3-quinolinecarboxylic acid (XX). 
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Scheme 3 below illustrates synthesis of 
5, 8 -di alkyl qui'no lines . 
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where _R or/and R»_ = CH 3 , _ Et,„ 
propyl . 



10 



In Scheme 3 above oxazoline XIV (prepared in 
Scheme II) is treated with a base, preferably lithium 
diisopropylamide, in THF at -78 °C and is quenched with 
an alkyl halide (such as methyl iodide, ethyl iodide, 
etc.) to give Compound XXVII, where R = alkyl. 
Treatment with additional base (preferably lithium 
diisopropylamide) in ether at 0°C followed by addition 
of an alkyl halide affords dialkyl oxazolines such as 
XXVIII. The intermediates- are hydrolyzed and carried 



« 
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on as before to give 5, 8-dialkyl-l-cyclopropyl-6,7- 
dif luoro-1 , 4-dihydro-?4-oxo-3-guiriolinecarboxylic 
acids XXX. 



WO 89/06649 



PCT/US89/00278 



-34- 



Scheme 4 below illustrates a synthesis of 5-alkyl 
naphthyridines 
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In Scheme 4 above pyridine ester XXXI (Chem. 
Pharm . Bull . 35 (1987), p 2280) is reacted with a base 
such as lithium diisopropylamide in THF at low 
temperature followed by an alkyl halide such as ethyl 
5 iodide or methyl iodide; hydrolysis of the ester in 
dilute acid affords compound XXXIII. 

Alternatively, ester XXXI can be hydrolyzed in 
dilute acid to give pyridine acid XXXV which is, in 
turn, converted to the corresponding oxazoline in the 
10 usual manner (see Scheme 2). This oxazoline 

(Compound XXXVI) is reacted with an alkyl lithium 
(such as methyl lithium), then rearomatized with DDQ 
or chloranil. This sequence of reactions gives the 
alkyl-substituted pyridine XXXVII, which yields, upon 
•15 acid hydrolysis, the necessary intermediate XXXIII. 

Compound XXXIII can be elaborated to the 5-alkyl- 
7-chloro-l-cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-l,8- 
naphthyridine-3-carboxylic acid in the usual manner. 
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Scheme 5 
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Also prepared by this method: 




H 



In Scheme 5 above , the known naphthyridine acid 1 
(US Patent 4 , 663 ,457, 1987) is reacted with oxalyl 
chloride and DMF and then quenched with absolute 
ethanol to give ester 2. Reduction of the double bond 
is accomplished with sodium cyanoborohydride to afford 
compound 3, which is then treated with sec-butyllithium 
at -78°C. This dianion is treated with methyl iodide 
to give the alkylated intermediate 4. The double bond 
is reintroduced in a series of steps: first, 
treatment with sodium hydride, followed by addition of 
phenylselenyl chloride and oxidation with hydrogen 
peroxide. The final ester 5 can then be reacted with 
a variety of amines in the usual fashion. 



5 



10 
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Scheme 6 outlines the synthesis of 5-alkyl, 
8-trif luoromethyl derivatives . 
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Scheme 6 begins with the treatment of 2,4,5-tri- 
fluorobromobenzene with a base, preferably lithium 
diisopropylamide, in THF at -78°C. This anion is 
quenched with carbon dioxide to give, upon 
5 acidification, acid XL. The acid is reacted with 
HF/SF 4 at 120°C to afford the trifluoromethyl 
derivative XLI. The requisite acid functionality is 
introduced via halogen-metal exchange (preferably with 
butyl lithium in ether at -78 °C) followed by carbon 

10 dioxide quench and acidification. Compound XLI I is 
then treated with oxalyl chloride to form the acid 
chloride and added to 2-amino-2-methyl-l-propanol in 
chloroform at 0°C to produce hydroxy amide XLI II. 
Cyclization to the key intermediate oxazoline XLIX is 

15 accomplished in the usual manner - that is, treatment 
with thionyl chloride followed by sodium hydride. 
Deprotonation of XLIV by lithium diisopropylamide at 
-78 °C and reaction of the anion with an alkyl iodide 
yields the fully substituted oxazoline XLV which can 

20 be elaborated into the target quinolone XLVI using the 
previously established methodology. 

The compounds of the invention are capable of 
forming both pharmaceutical ly acceptable acid addition 
and/or base salts. Base salts are formed with metals 

25 or amines, such as alkali and alkaline earth metals or 
organic amines. Examples of metals used as cations 
are sodium, potassium, magnesium, calcium, and the 
like. Examples of suitable amines are N,N ! -dibenzyl- 
ethylenediamine , chloroprocaine , choline , 

30 diethanolamine, ethyl enedi amine, N-methylglucamine, 
and procaine. 

Pharmaceutically acceptable acid . addition salts 
are formed with organic and inorganic acids. 

■ Examples of suitable acids for salt formation are 

35 hydrochloric, sulfuric, phosphoric, acetic, citric, 

oxalic, malonic, salicyclic, malic, gluconic, fumaric, 
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succinic, ascorbic, maleic, methanesulfonic, and the 
like. The salts are prepared by contacting the free 
base form with a sufficient amount of the desired acid 
to produce either a mono or di, etc salt in the 
5 conventional manner. The free base forms may be 
regenerated by treating the salt form with a base. 
For example, dilute solutions of aqueous base may be 
utilized. Dilute aqueous sodium hydroxide, potassium 
carbonate, ammonia, and sodium bicarbonate solutions 

10 are suitable for this purpose. The free base forms 
differ from their respective salt forms somewhat in 
certain physical properties such as solubility in 
polar solvents, but the salts are otherwise equivalent 
to their respective .free base forms for purposes of 

15 the invention. Use of excess base where R f is 
hydrogen gives the corresponding basic salt. 

The compound of the invention can exist in 
unsolvated as well as solvated forms, including 
hydrated forms. In general, the solvated forms, 

20 including hydrated forms and the like are equivalent 

to the unsolvated forms for purposes of the invention. 

The alkyl groups contemplated by the invention 
comprise both straight, and branched carbon chains of 
from one to about six carbon atoms. Representative of 

25 such groups are methyl, ethyl, propyl, isopropyl, and 
the like. 

The cycloalkyl groups contemplated by the 
invention comprise those having three to six carbon 
atoms such as cyclopropyl, cyclobutyl, cyclopentyl, 

30 and cyclohexyl. 

The alkoxy groups contemplated by the invention 
comprise both straight and branched carbon chains of 
from one to about six carbon atoms unless otherwise 
specified. Representative of such groups are methoxy, 

35 ethoxy, propoxy, i-propoxy, t-butoxy, hexoxy, and the 
like . 
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The term, haloalkyl, is intended to include 
halogen substituted straight and branched carbon 
chains of from two to four carbon atoms. Those 
skilled in the art will recognize that the halogen 
5 substituent may not be present on the a -carbon atom of 
the chain. Representative of such groups are 
p-fluoro.ethyl, p-chloroethyl, p , p-dichloroethyl, 
p-chloropropyl, p-chloro-2-propyl, Y-iodobutyl, and 
the like. 

10 The term halogen is intended to include fluorine, 

chlorine, bromine/ and iodine unless otherwise 
specified. 

Certain compounds of the invention may exist in 
optically active forms. The pure D isomer, pure L 

15 isomer as well as mixtures thereof; including the 

racemic mixtures, are contemplated by the invention* 
Additional asymmetric carbon atoms may be present in a 
substituent such as an alkyl group. All such isomers 
as well as mixtures thereof are intended to be 

20 included in the invention. 

The compounds of the invention can be prepared 
and administered in a wide variety of oral and 
parenteral dosage forms. It will be obvious to those 
skilled in the art that the following dosage forms may 

25 comprise as the active component, either a compound of 
Formula I or a corresponding pharmaceutically 
acceptable salt of a compound of Formula I. 

For preparing pharmaceutical compositions from 
the compounds described by this invention, inert, - 

30 pharmaceutically acceptable carriers can be either 
solid or liquid. Solid form preparations include 
powders, tablets, dispersible granules, capsules, 
cachets, and suppositories. A solid carrier can be 
one or more substances which may also act as diluents, 

35 flavoring agents, solubilizers , lubricants, suspending 
agents, binders, or tablet disintegrating agents; it 
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can also be an encapsulating materials In powders, 
the carrier is a finely divided solid which is in 
admixture with the finely divided active compound. In 
the tablet the active compound is mixed with carrier 
5 having the necessary binding properties in suitable 
proportions and compacted in the shape and size 
desired. The powders and tablets preferably contain 
from 5 or 10 to about 70 percent of the active 
ingredient. Suitable solid carriers are magnesium 

10 carbonate, magnesium s tear ate, talc, sugar, lactose, 
pectin, dextrin, starch, gelatin, tragacanth, methyl 
cellulose, sodium carboxymethyl cellulose t a low 
melting wax, cocoa butter, and the like. The term 
"preparation" is intended to include the formulation 

15 of the active compound with encapsulating material as 
carrier providing a capsule in which the active 
component (with or without other carriers) is 
surrounded by carrier, which is thus in association 
with it. Similarly, cachets are included* Tablets, 

20 powders ,- cachets , and capsules -can^ae-used -as -solid 

dosage forms suitable for oral administration. 

Liquid form preparations include solutions, 
suspensions, and emulsions. As an example may be 
mentioned water or water-propylene glycol solutions 

25 for parenteral injection. Such solutions are prepared 
so .as to be acceptable to biological systems 
(isotonicity, pH, etc). Liquid preparations can also 
be formulated in solution in aqueous polyethylene 
glycol solution. Aqueous solutions suitable for oral 

30 use can be prepared by dissolving the active component 
in water and adding suitable colorants, flavors, 
stabilizing, and thickening agents as desired. 
Aqueous suspension suitable for oral use can be made 
by dispersing the finely divided active component in 

35 water with viscous material, i.e., natural or 

synthetic gums, resins, methyl cellulose, sodium 



carboxymethyl cellulose, and other well known 
suspending agents. 

Preferably, the pharmaceutical preparation is in 
unit dosage form. In such form, the preparation is 
subdivided into unit doses containing appropriate 
quantities of the active component. The unit dosage 
form can be a packaged preparation, the package 
containing discrete quantities of preparation, for 
example, packeted tablets, capsules, and powders in 
vials or ampoules. The unit dosage form can also be a 
capsule, cachet, or tablet itself or it can be the 
appropriate number of any of these packaged forms. 

The quantity of active compound in a unit dose of 
preparation may be varied or adjusted from 1 mg to 
100 mg according to the particular application and the 
potency of the active ingredient. 

In therapeutic use as agents for treating 
bacterial infections the compounds utilized in the 
pharmaceutical method of this invention are 
administered at the initial dosage of about 3 mg to 
about 40 mg per kilogram daily. A daily dose range of 
about 6 mg to about 14 mg per kilogram is preferred. 
The dosages, however, may be varied depending upon the 
requirements of the patient, .the severity of the 
condition being treated, and the compound being 
employed. Determination of the proper dosage for a 
particular situation is within the skill of the art. 
Generally, treatment is initiated with smaller dosages 
which are less than the optimum dose of the compound. 
Thereafter, the dosage is increased by small 
increments until the optimum effect under the 
circumstances is reached. For convenience, the total 
daily dosage may be divided and administered in 
portions during the day if desired. 

The compounds of the invention display anti- 
bacterial activity when tested by the microtitration 
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dilution method as described in Heifetz, et al, 
Antimicr. Agents & Chemoth. , 6, 124 (1974), which is 
incorporated herein by reference. By use of this 
method, the followed minimum inhibitory concentration 
5 values (MICs in pg/ml) were obtained for 
representative compounds of the invention. 
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The following nonlimiting examples illustrate the 
inventors' preferred methods for preparing the 
compounds of the invention. 

PREPARATION OF STARTING MATERIALS 

5 Example A 

2- ( 2 , 3 , 4 , 5-Tetraf luoro-6-methylphenyl ) -4 , 4-dimethyl-2 - 
oxazoline 

A solution of 21.2 g (80.0 mmol) of 2-(pentafluoro- 
phenyl)-4,4-dimethyl-2-oxazoline (Bull. Chem. Soc. 

10 Jpn., 57, 225 (1984)) in 300 ml of dry ether was 

cooled to -20°C under argon and treated with 60 ml of 
1.6M methyl lithium (96.0 mmol). The solution was 
stirred at -20 °C for two hours/ then stirred at room 
temperature overnight. The mixture was diluted with 

15 water, and the organic layer was dried over magnesium 
sulfate and concentrated to give 20.8 g of the title 
compound as an orange oil. 

Example B 

2/3,4, 5-Tetraf luoro-6-methylbenzoic acid 
20 A mixture of 20.5 g (73.4 mmol) of 2-(2, 3,4,5- 

tetraf luoro-6-methylphenyl )-4, 4-dimethyl-2-oxazoline 
in 200 ml of 6N hydrochloric acid was refluxed for 
18 hours, then cooled to room temperature . The 
solution was extracted with ethyl acetate. The 
25 extract was washed with water, dried over magnesium 

sulfate, and concentrated. The residue was suspended 
in water which was made basic (pH 11) with 1M sodium 
hydroxide and was extracted with ether; the aqueous 
phase was acidified (pH 2) with IN hydrochloric acid 
30 and extracted with ethyl acetate. The organic layer " 
was dried over magnesium sulfate and concentrated to 
give 8.4 g of the title compound as a tan solid, 
mp 80-82°C. 
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Example C 

2 , 3 , 4 , 5-Tetraf luoro-6-methylbenzoyl chloride 

A solution* of 8.2 g (39.4 mmol) of 2,3,4, 5-tetra- 
fluoro-6-methylbenzoic acid, 6.0 g (47.2 mmol) of 
5 oxalyl chloride, and 100 ml of dichlorome thane was 
treated with three drops of DMF. The solution was 
stirred for three hours, then concentrated to give 
8.8 g of the title compound as a yellow liquid. The 
product was used as is in the next step. 

10 Example D 

Ethyl 3- ( 2 , 3 , 4 f 5-tetraf luoro-6-methylphenyl ) -8-oxo- 
propanoate 

A solution of 10.1 g (76.5 mmol) of malonic acid 
monoethylester, bipyridyl (catalytic), and 200 ml of 

15 dry THF was cooled to -35 °C : under argon, treated with 
52 ml of 1.5M n-butyllithium (78 mmol), and warmed to 
-5°C. To this mixture was added 52 ml of 1.5M 
n-butyllithium (78 mmol) until a pale pink color 
persisted for 10 minutes. The suspension was cooled 

20 to -78°C and was treated with a solution of 8.8 g 
(38.8 mmol) of 2,3,4,5-tetrafluoro-6-methylbenzoyl 
chloride in 100 ml of dry THF. The reaction mixture 
was stirred at -78 °C for 45 minutes, then warmed to 
-35 °C and poured into a mixture of ice and IN 

25 hydrochloric acid (77 ml). The organic layer was 
washed with 5% sodium bicarbonate solution, 3M 
hydrochloric acid, and water and dried over magnesium 
sulfate. Concentration gave an orange oil which was 
chromatographed on silica gel (E. Merck 230-400 Mesh), 

30 eluting with 80:20 chloroform: ethyl acetate, to give 
8.2 g of the title compound. 
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Example £ 

Ethyl 2- ( 2 , 3 , 4 , 5-Tetraf luoro-6-methyl -benzoyl )-3- 
ethoxy aery late 

A solution of 8.1 g (29.1 mmol) of ethyl 
5 3 - ( 2 , 3 , 4 , 5-tetraf luoro-6-methylphenyl ) -p -oxo- 
propanoate, 7.2 g (43.3 mmol) of triethyl 
ortho formate, and 70 ml of acetic anhydride was 
refluxed for 3.5 hours. The solution was cooled to 
room temperature and concentrated under high vacuum to 
10 give 9.1 g of the title compound. The product was 
used as is in the next step. 

Example F 

Ethyl 2- (2 , 3 , 4, 5-tetraf luoro-6-methylbenzoyl ) -3 -cyclo- 
propylaminoacrylate 

15 To a solution of 9.0 g (27.0 mmol) of ethyl 2- 

(2,3,4, 5-tetraf luoro-6-methylbenzoyl ) -3-ethoxyacrylate 
in 30 ml of absolute ethanol at 5°C was added 1.68 g 
(29.4 mmol) of cyclopropylamine . The mixture was 
..stirred at 5°C for _ 1.5. hours and at ro om te mperature 

20 for 2.5 hours. The solution was concentrated to an 
oil which was triturated with hexane to give a tan 
solid. The crude product was recrystallized from 
hexane to give 9.07 g of the title compound, 
mp 72-74°C. 

25 Example G 

Ethyl l-cyclopropyl-6 f 7 , 8-trif luoro-1 , 4-dihydro-5- 
methvl-4-oxo-3-quinolinecarboxylate 

To a mixture of 9.05 g (26.3 mmol) of ethyl 2- 
(2,3,4, 5-tetraf luoro-5-methylbenzoyl ) -3-cyclopropyl- 

30 aminoacrylate in 100 ml of dry t-butanol was added a 
slurry of 3.25 g (29.0 mmol) of potassium t-butoxide 
in 20 ml of dry t-butanol, and the mixture was stirred 
at 60°C for four hours. The suspension was cooled to 
room temperature and concentrated to a paste which was 
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partitioned between dichloromethane and IN 
hydrochloric acid. The organic layer was separated, 
dried over magnesium sulfate, and concentrated. 
Recrystallization from ethyl acetate rhexane gave 
5 4.70 g of the title compound, mp 176-177°C. 

Example H 

l-Cyclopropyl-6 w 7 , 8-trifluoro-l , 4-dihydro-5-methyl-4- 
oxo-3-quinolinecarboxylic acid 

A mixture of 4.6 g (14.1 mmol) of ethyl 1-cyclo- 

10 propyl-6 , 7 , 8-trifluoro-l , 4-dihydro-5-methyl-4-oxo-3- 

guinolinecarboxylate in 100 ml of 6M hydrochloric acid 
was refluxed for four hours. The solution was cooled 
to room temperature and the solids were filtered, 
washed with water, and dried to give 3.9 g of the 

15 title compound, mp 234-235°C. 

In a similar manner, l-cyclopropyl-5-ethyl-6,7,8- 
trifluoro-1 , 4-dihydro-4-oxo-3-quinolinecarboxylic acid 
and 1 , 5-dicyclopropyl-6 , 7 , 8-trif luoro-1 , 4-dihydro-4- 
oxo-3-quijiolinecarboxylic acid were prepared. 

20 Example I 

N- (2 -Hydroxy- 1 , 1-dimethylethyl ) -2 , 4 , 5-trif luoro- 
benz amide 

A solution of 19.4 g (110 mmol) of 2,4,5-tri- 
fluorobenzoic acid (JP 58,150,543 (CI. C07C69) Sept. 

25 7, 1983). 15.2 g (120 mmol) of oxalyl chloride and 

250 ml of dichloromethane was treated with four drops 
of DMF, and the mixture was stirred at room 
temperature for four hours. The mixture was 
concentrated to a oil and was redissolved in 100 ml of 

30 dichloromethane. This solution was added dropwise to 
a solution of 19.6 g (240 mmol) of 3-amino-2-methyl- 
1-propanol in. 200 ml of dichloromethane at 5°C, and 
the reaction mixture was stirred at room temperature 
overnight. The solids were filtered, and the filtrate 
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was washed with 5% sodium bicarbonate, IN hydrochloric 
acid, and water. The organic layer was dried over 
magnesium sulfate and concentrated to give 24.5 g of 
the title compound, mp 114-116°C. 

5 Example J 

2-( 2 ,4, 5-Trifluorophenyl >-4 , 4-dimethyl-2-oxazoline 

To a solution of 24.4 g (98.7 mmol) of 
N- ( 2-hydroxy-l , 1-dimethylethyl ) -2 , 4 , 5-trif luorocarbox- 
amide in 200 ml of chloroform was added 25 ml 

10 (342 mmol) of thionyl chloride dropwise. The solution 
was stirred overnight at room temperature, then 
concentrated by half. The mixture was diluted with 
ether, and the solid was removed by filtration. This 
solid was dissolved in water, made basic (pH 8) with 

15 10% sodium hydroxide, and extracted with ethyl 

acetate. The organic layer was dried over magnesium 
sulfate and concentrated to give 19.0 g of the title 
compound, mp 53-54°C. 

Example K 

20 2- ( 2 , 4 , 5-Trif luoro-3-trimethylsilylphenyl ) -4 , 4 - dime thy 1- 
2-oxazoline 

A solution of 8.7 ml (62.1 mmol) of diisopropyl- 
amine in 100 ml of dry THF under argon was cooled to 
-78°C and treated with 28.3 ml (56.6 mmol) of 2.0M 

25 n-butyllithium. The IDA solution was stirred at -78°C 
for 15 minutes. To this solution was added a solution 
of 11.8 g (51.5 mmol) of 2-(2,4,5-trifluorophenyl)- 
4,4-dimethyl-2-oxazoline in 50 ml of THF,* and the 
reaction mixture was stirred for one hour at -78°C. 

30 To the reaction mixture was added 13 ml (102.5 mmol) 
of chlorotrimethylsilane, and the solution was warmed 
to room temperature. Water was added; the organic 
layer was dried over magnesium sulfate and 
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concentrated* The crude product was chromatographed 
on silica gel (E. Merck 230-400 Mesh), eluting with 
80:20 chloroform i ethyl acetate to give 12.9 g of the 
title compound, mp 71-72 °C. 

5 Example L 

2- (2 ,4,5-Trifluoro-6-methvl-3-trimethylsilylphenyl )-4,4- 
dimethyl -2 -oxazoline 

A solution of 0*64 ml (4,57 mmol) of diisopropyl- 
amine in 20 ml of dry THF under argon was cooled to 

10 -78°C and treated with 2-1 ml (4*20 mmol) of 2. ON 

n-butyllithium. The LDA solution was stirred at -78 °C 
for 15 minutes, then warmed to 0°C. To this solution 
was added a solution of 1.05 g (3.5 mmol) of 2- (2, 4, 5- 
trif luoro-3-trimethylsilylphenyl ) -4 , 4-dimethyl-2- 

15 oxazoline in 5 ml of THF; the reaction mixture was 
stirred at 0°C for 45 minutes, then quenched with 
1.50 g (10.6 mmol) of methyl iodide. The solution was 
stirred at room temperature for three hours and 
.... dil u ted with wa te r. ... The organic _layer was washed _with 

20 water, dried over magnesium sulfate, and concentrated 
to give 1.00 g of the title compound as an oil. 

In a similar manner, l-cyclopropyl-5-ethyl-6,*7- 
dif luoro-1 , 4-dihydro-4-oxo-3-quinolinecarboxylic acid 
and l-cyclopropyl-6 , 7-dif luoro-1, 4-dihydro-4-oxo-5-i- 

25 propyl -3 -quinolinecarboxylic acid were prepared. 

Alternatively, the trimethylsilyl group was 
displaced with chlorine (Chem. Abstr. 54 / 20932 
(I960)) or with bromine (J. Am. Chem. Soc. 70, 433 
(1948)), and the oxazoline was hydrolyfced to give 

30 3-chloro-2,4, 5-trifluoro-6-methylbenzoic acid and 

3- bromo-2 , 4 , 5-trif luoro-6-methylbenzoic acici, 
respectively. These intermediates were elaborated 
into 8-chloro-l-cyclopropyl-6 , 7-dif luoro-1 , 4-dihydro- 
5-methyl-4-oxo-3-guinolinecarboxylic acid 8-bromo-l- 
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cyclopropyl-6 , 7-dif luoro-1 , 4- dihydr o - 5 -methyl -4 - oxo - 3 - 
quinolinecarboxylic acid. 

In addition, the trimethylsilyl group was reacted 
with lead tetraacetate/trifluoroacetic acid to 
5 introduce a hydroxyl group (Tet. Lett. 10, 853 (1974)) 
and was also reacted with nitric acid to introduce a 
nitro group (J. Chem. Soc. 498 (1957)). 

Following the usual procedures, the following 
compounds were prepared: l-cyclopropyl-6, 7-dif luoro- 

10 l,4-dihydro-8-hydroxy-5-methyl-4-oxo-3-quinoline- 
carboxylic acid; l-cyclopropyl-6, 7-dif luoro-1, 4- 
dihydro-8-methoxy-5-methyl-4-oxo-3 -quinolinecarboxylic 
acid; l-cyclopropyl-6 , 7-dif luoro-1 , 4- dihydr o- 5 -methyl - 
8-nitro-4-oxo-3-guinolinecarboxylic acid, and 

15 8-amino-l-cyclopropyl-6 , 7-dif luoro-1 , 4-dihydro-5- 
methyl-4-oxo-3-quinolinecarboxylic acid. 

Example M 

7-Chloro-l-cyclopropyl-6-f luoro-1, 4-dihydro-5 -methyl -4- 
. _^^ ^oxo- 1 ,_8-naph1Jiyri.dine^3j^c arboxvlic ,acid ^ . 

20 Ethyl 2,6-dichloro-5-fluoronicotinate (Chem* 

Pharm. Bull. 35(6), 2280 (1987)) was treated with 
lithium diisopropylamide and quenched with methyl 
iodide to give, upon work-up, ethyl 2,6-dichloro-5- 
f luoro-4-methylnicotinate . This material was 

25 hydrolyzed to give the corresponding acid which was 
elaborated in the usual manner to give 7-chloro-l- 
cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-l , 8- 
naphthyridine-3-carboxylic acid. 7-chloro-l-cyclo- 
propyl-5-ethyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8- 

30 naphthyridine-3-carboxylic acid was synthesized in the 
same manner. 
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Example N 

2 , 4 , 5-Trif luoro-3 , 6-dimethylbenzoic acid 

The 2- (2 , 4 , 5-trif luorophenyl ) -4 , 4-dimethyl-2- 
oxazpline was also treated with lithium diisopropyl- 
5 amide followed by methyl iodide to give 

2- (2 , 4 , 5-trif luoro-3 -methylphenyl ) -4 , 4- dime thy 1 -2 - 
oxazoline. This intermediate was, in turn, treated 
with lithium diisopropylamide, then with methyl 
iodide, to give 2- (2, 4, 5-trif luoro-3 , 6-dimethylphenyl )• 
10 4, 4-dimethyl-2 -oxazoline. Hydrolysis of the oxazoline 
gave 2,4, 5-trifluoro-3 , 6-dimethylbenzoic acid, which 
was elaborated into l-cyclopropyl-6,7-difluoro-l,4- 
dihydro-5 , 8-dimethyl-4-oxo-3-guinolinecarboxylic acid 
in the usual manner. 

15 Example O 

2- (2 r 4 , 5-Trif luoro-6-methylphenyl ) -4 , 4- dimethyl - 2 - 
oxazoline 

A solution of 12.0 g (38.0 mmol) of 2-[2,4,5- 
trifluoro-6-methyl-3- ( trimethylsilyl )phenyl ] -4 , 4- 

20 dimethyl-2-oxazoline, 5.85 g (38.5 mmol) of cesium 
fluoride, 110 ml of dimethylf ormamide , and 15 ml of 
water was stirred for 18 hours at room temperature. 
The reaction mixture was poured into water and 
extracted with ethyl acetate; the organic phase was 

25 washed with water, dried over magnesium sulfate, and 
concentrated to give 9.1 g of liquid. 

Example P 

2- ( 3-Chloro-2 , 4 , 5-trif luorophenyl ) -4 , 4-dimethyl-2- 
oxazoline 

30 A solution of 7.6 ml (54.2 mmol) of diisopropyl- 

amine in 100 ml of dry THF was cooled to -78 °C under 
argon, treated with 20.5 ml (47.2 mmol) of 2.3M 
n-butyllithium, and stirred for 15 minutes. To this 
solution was added a solution of 10.3 g (45.0 mmol) of 
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2- ( 2 , 4 , 5-trif luorophenyl ) -4 , 4-dimethyl-2-oxazoline in 
100 ml of dry THF.. The reaction mixture was stirred 
at -78 °C for 45 minutes. To this mixture was added 
26.5 g (100 mmol) of hexachloroacetone, and the 
5 solution was warmed to room temperature. Water was 
added; the organic phase was washed with water, IN 
hydrochloric acid, and 5% sodium bicarbonate, and was 
dried over magnesium sulfate. Concentration gave a 
dark oil which was chromatographed on silica gel to 
10 give 7.05 g of the title compound as a yellow oil. 

Example Q 

2-(3-Chloro-2 , 4 , 5-trif luoro- 6 -methyl -4 , 4-dimethyl-2- 
oxazoline 

A solution of 5.5 ml (39.2 mmol) of diisopropyl- 
15 amine in 125 ml of dry THF was cooled to -78 °C under 
argon, treated with 13.8 ml (31.7 mmol) of 2.3M 
n-butyllithium, and stirred for 15 minutes. To this 
solution was added a solution of 7.00 g (26.5 mmol) of 

„ _ 2 - ( 3 -chloro-2 ,„4.,3-tr if lu^ophenyl ) -4 , 4-dimethyl-2 - 

20 oxazoline in 75 ml of dry THF. The mixture was 
stirred at -78°C for 30 minutes and at 0°C for 
60 minutes. To this solution was added 11.3 g 
(79.6 mmol) of methyl iodide, and the mixture was 
stirred at room temperature overnight. Water was 
25 added; the organic phase washed with IN HC1, 5% sodium 
bicarbonate, and water. The solution was dried over 
magnesium sulfate and concentrated to an oil which was 
chromatographed on silica gel to give 6.3 g of clear 
orange oil. 



3.0 Example R 

2 , 4 , 5-Trif luoro-6-methylbenzoic acid 

A mixture of 9.1 g (37.4 mmol) 2- (2, 4, 5-trifluoro- 
6-methylphenyl)-4,4-dimethyl-2-oxazoline in 200 ml of 
6M hydrochloric acid was refluxed overnight, then 
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cooled to room temperature* The solution was 
extracted with ethyl acetate, and the extract was 
washed with water, dried over magnesium sulfate, and 
concentrated . The residue was suspended in water 
5 which was made basic (pH 11) with IN NaOH, washed with 
ether, and acidified (pH 2) with IN HC1. The solution 
was extracted with ethyl acetate. The organic phase 
was washed with water, dried over magnesium sulfate, 
and concentrated to give 5.8 g of the title compound, 
10 mp 108-110°C. 

Example S 

3 -Chloro-2 , 4 r 5-trif luoro-6-methylbenzoic acid 

As in Example D, the title compound was prepared 
from 2-(3-chloro-2,4, 5-trifluoro-6-methylphenyl)-4,4- 
15 dimethyl-2-oxazoline, and 6N hydrochloric acid. The 
desired acid was obtained as a tan solid, 
mp 104-106°C. 

- - .. - Example T - 

2 , 4 , 5-Tri f luoro-6-methylbenzoyl chloride 

20 A solution of 5.8 g (30.5 mmol) of 2,4,5-trifluoro- 

6-methylbenzoic acid r 4.7 g (37.0 mmol) of oxalyl 
chloride, and 100 ml of dichloromethane was treated 
with three drops of DMF. The reaction mixture was 
stirred at room temperature for two hours, then 

25 concentrated to give 6.3 g of the title compound as an 
oily solid. The product was used 11 as is" in the next 
step. 

Example U 

3 -Chloro-2 ,4, 5 -Tr i fluoro- 6 -methylbenzoy 1 chloride 
30 The title compound was prepared from 3-chloro- 

2,4, 5-trif luoro-6-methylbenzoic acid and oxalyl 
chloride following the same procedure used in 
Example F. 
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Ethyl 3 - ( 2 , 4 , 5-trif luoro-6-methylbenzoyl ) -g -oxo- 
propanoate 

A solution of 8-0 g (60.5 mmol) of malonic acid 
5 monoethylester, bipyridyl (catalytic) and 200 ml of 
dry THF was cooled to -35°C under argon, treated with 
32 ml of 1.9M n-butyllithium (60.8 mmol), and warmed 
to -5°C. To this suspension was added another 32 ml 
of 1.9M n-butyllithium until a pale pink color 

10 persisted for 10 minutes. The mixture was cooled to 
-78°C. To this mixture was added a solution of 6.3 g 
(30.2 mmol) of 2,4, 5-trif luoro-6-methylbenzoyl 
chloride in 75 ml of dry THF, and the reaction mixture 
was stirred at -78 °C for one hour. The solution was 

15 then warmed to -35°C, poured onto a mixture of ice and 
IN hydrochloric acid (70 ml), and extracted with ethyl 
acetate. The organic layer was washed with 5% sodium 
bicarbonate, 3M hydrochloric acid, and water, and was 
stirred over magnesium sulfate. Concentration gave an 

20 orange oil which was ctoomatograp^djo^ gel_.„ „ „ 

(E. Merck 230-400 Mesh), eluting with 80:20 
chloroform: ethyl acetate, to give 7.2 g of the title 
compound* 

Example W 

25 Ethyl 3-(3-chloro-2,4, 5-trif luoro-6-methylbenzoyl)-B- 

oxopr op ano ate 

The procedure outlined for Example H was used to 

prepare the title compound from the dianion of malonic 

acid monoethyl ester and 3-chloro-2, 4, 5-trif luoro-6- 
30 methylbenzoyl chloride. The crude product was also 

chromatographed on silica gel to give the desired 

product as an orange oil. 
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Ex ample X 

Ethyl 2- ( 2 , 4 , 5-trifluoro-6-methylbenzoyl ) -3-ethoxy- 
acrylate 

A solution of 7*1 g (27 mmol) of ethyl 
5 (3-2(2,4, 5-trif luoro-6-methylbenzoyl ) -p -oxo-propanoate , 
6.8 g (41 mmol) of triethyl ortho formate and 60 ml of 
acetic anhydride was refluxed for three hours, cooled 
to room temperature, and concentrated to give 8.4 g of 
the title compound. The crude material was used as is 
10 in the next step. 

Example Y 

Ethyl 2- (3-chloro-2 ,4, 5-trif luoro-6-methylbenzoyl )-3- 
ethoxy acrylate 

The procedure outlined in Example J was followed 
15 to prepare the title compound from ethyl 3-(3-chloro- 
2,4, 5-trifluoro-6-methylbenzoyl ) -p-oxo-propanoate , 
triethyl ortho formate, and acetic anhydride. 

Example Z 

Ethyl 2-(2, 4, 5-Trifluoro-6-methylbenzoyl)-3-cyclo- 

20 propylaminoacrylate 

To a solution of 8.3 g (26 mmol) of ethyl 
2- ( 2 , 4 r 5-trif luoro-6-methylbenzoyl ) -3-ethoxyacrylate • 
in 30 ml of absolute ethanol at 5°C was added 1.64 g 
(29 mmol) of cyclopropylamine. The reaction mixture 

25 was stirred at 5°C for 90 minutes and at room 
temperature for two hours. The solution was 
concentrated to give a brown oil which was dissolved 
in hexane and reconcentrated to give a tan solid. 
Recrystallization from hexane gave 7.2 g of colorless 

30 crystals, mp 69-72°C 

The following compounds were prepared in 
identical fashion from the appropriate ethoxy aery late: 
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a) Ethyl 2-(3-chloro-2 , 4, 5-trif luoro-6-methyl- 
benzoyl ) -3 -cyclopropylaminoacrylate , mp 77-80°C; 

b) Ethyl 2- ( 2 , 3 , 4, 5-tetraf luoro-6-methylbenzoyl ) - 
3 -ethyl amino aery 1 ate , hygroscopic solid; 

5 c) Ethyl 3- ( 2 , 4-dif luoroanilino ) -2- ( 2 , 3 , 4 , 5-tetra- 

f luoro-6-methylbenzoyl ) acrylate , viscous oil; 

d) Ethyl 3- ( 2-bromoethylamino ) -2- ( 2 , 3 , 4 , 5-tetra- 
f luoro-6-methylbenzoyl > acrylate *, mp 95-100°C; 

e) Ethyl 3-(etJiylamino)-2-(2,4,5-trifluoro-6- 
10 methylbenzoyl ) acrylate , hygroscopic solid; 

f ) Ethyl 3- ( 2 , 4-dif luoroanilino ) -2- (2,4^5- 
trifluoro-6-methylbenzoyl )acrylate , mp 79-83 °C; and 

g) Ethyl 3- (2-bromoethylamino ) -2- (2,4, 5-trif luor- 
6 -methylbenzoyl ) acrylate . 

15 Example AA 

Ethyl l-cyclopropyl-6 , 7-dif luoro-1 , 4-dihydro-4-oxo-3- 
quinolinecarboxylate 

A solution of 7.2 g (22 mmol) of ethyl 2-(2 # 4,5- 
trifluorb-5-methylbenzoyl ) -3-cyclopropylaminoacrylate 

20 in 100 ml of dry t-butanol was treated portionwise 

with 2,8 g (25 mmol) of potassium t-butoxide, and the 
reaction mixture was stirred at 60°C for five hours. 
The suspension was cooled to room temperature and 
concentrated. The residue was partitioned between 

25 di chl o rome thane and IN hydrochloric acid; the organic 
phase was washed with water, dried over magnesium 
sulfate, and concentrated. The crude product was 
slurried in boiling ethanol, filtered, and air-dried 
to give 4*2 g of the title compound. 

3.0 The following compounds were prepared in a similar 
fashion and purified as noted: 

a) Ethyl 8-chloro-l-cyclopropyl-6 , 7-dif luoro-1 , 4- 
dif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
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carboxylate , mp 151-153 °C ( chromatographed on silica 
gel); 

b) Ethyl l-ethyl-6 , 7 , 8-trif luoro-1 , 4-dihydro-5- 
methyl-4-oxo-3-quinoinecarboxylate , mp 185-187°C 

5 (recrystallized from ethyl acetate); 

c) Ethyl 1- ( 2-bromoethyl ) -6 , 7 , 8-trif luoro-1 , 4- 
dihydro-5-methyl-4-oxo-3-cniinolinecarboxylate , 

mp 149-150°C (recrystallized from ethyl acetate 
hexane). 

10 d) Ethyl l-ethyl-6 , 7-dif luoro-1 , 4-dihydro-5-methvl- 

4-oxo-3-cpiinolinecarboxylate , mp 189-191°C. 

Example BB 

Ethyl 6 , 7 , 8-trif luoro-1 , 4-dihydro-5-methyl-4-oxo-l- 
vinyl-3-quinolinecarboxylate 

15 A rapidly stirred suspension of 1*98 g 

(5*08 mmol) of ethyl 1- (2-bromoethyl) -6 , 7, 8-trif luoro- 
1 , 4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylate , 
3*50 g (25.3 mmol) of ground potassium carbonate, and 
40 o f DMF was heated at'80°C under argon for 

20 four hours. The suspension was concentrated and the 

residue was partitioned between methylene chloride and 
water. The organic layer was dried over magnesium 
sulfate and concentrated to give 1.52 g of the title 
compound as a DMF complex, mp 150-152°C. 

25 Example CC 

Ethyl 6,7, 8-tri f luoro-1- ( 2 , 4-dif luorophenyl )-l,4- 
dihydro- 5 -methyl -4-oxo-3 -cpiino linecarboxy 1 ate 

To a cold (5°C) solution of 2.77 g (6.64 mmol) of 
ethyl 3- ( 2 , 4-dif luoroanilino ) -2- (2,3,4, 5-tetraf luoro-6- 

30 methylbenzoyl) aery late in 60 ml of dry THF was added 
0.32 g of 60% sodium hydride. The solution was 
stirred overnight at room temperature, then 
concentrated to an orange foam. The residue was 
partitioned between methylene chloride and IN HC1. 
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The organic phase was washed with water, dried over 
magnesium sulfate, and concentrated to an orange solid 
which was recrystallized (ethyl acetate : hexane ) to 
give 1.55 g of the title compound, mp 152-154°C. 

5 Example DD 

Ethyl 6 , 7-dif luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro- 
5-methyl-4-oxo-3-guinolinecarboxylate 

The procedure outlined in Example AA was used to 
prepare the title compound from ethyl 3-(2,4-difluoro- 
10 anilino ) -2- ( 2 , 4 , 5-trif luoro-6-methylbenzoyl ) acrylate , 
mp 161-164°C. 

Example EE 

l-Cyclopropyl-6 , 7-dif luoro-1 , 4-dihydro-4-oxor3- 

quinolinecarboxylic acid 
15 A suspension of 4.1 g (13.3 mmol) of ethyl 

l-cyclopropyl-6 , 7-dif luoro-1 , 4-dihydro-4-oxo-3- 

quinolinecarboxylate in 15*0 ml of 6N hydrochloric acid 
was refluxed for six hours, then cooled to. room 

temperature. The solids were filtered, washed with 
20 water and ether, and dried to give 3.2 g of the title 

compound, mp >300°C. 

The following compounds were prepared in a 
similar fashion: 

a) l-Ethyl-6 , 7 , 8-trif luoro-1 , 4-dihydro-5-methyI-4- 
25 oxo-3-guinolinecarboxylic acid , mp 199-201°C; 

b) l-Ethyl-6 , 7-dif luoro-1 , 4-dihydro-5-methyl-4- 
oxo-3-quinolinecarboxylic acid , mp >300°C; 

c) 8-Chloro-l-cyclopropyl-6 , 7-dif luoro-1 , 4-dihydro- 
5-methyl-4-oxo-3-quinolinecarboxylic acid , 

30 mp 212-214°C 
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7-Chloro-l-cyclopropyl-6-f luoro-1, 4-dihydro-4-oxo-l , 8 
naphthyridine-3-carboxylic acid ethyl ester 

7-Chloro-l-cyclopropyl-6-f luoro-1 , 4-dihydro-4-oxo- 
5 l,8-naphthyridine-3-carboxylic acid, (U*S. 

Patent 4,6.63,457) (20.0 g, 71 mmol) and dimethyl- 
formamide (0.5 ml) were added to dichloromethane 
(750 ml) to give a tan slurry. Oxalyl chloride 
(7.4 ml, 85 mmol) was added to this slurry over 

10 one minute and the reaction mixture stirred for 
90 minutes, then an additional 2.0 ml of oxalyl 
chloride was added and stirring continued for 
60 minutes. To the resulting brown solution was added 
absolute ethanol (4.3 ml, 78 mmol) and the mixture 

15 stirred for four hours and then cooled to 0°C and 
stored overnight. The reaction was warmed to room 
temperature and an additional 2 ml of absolute ethanol 
was added and the stirring continued for three hours. 
The reaction was evaporated to a brown solid • The 

20 solid was heated in THF, filtered, and cooled to 0°C. 
The crystals formed were collected and dried to give 
the title compound, (11.1 g, 50%). 

Example GG 

7-Chloro-l-cyclopropyl-6-f luoro-1 ,2,3, 4-tetrahydro-4- 
25 oxo-l,8-naphthyridine-3-carboxylic acid ethyl ester, 3 
In absolute ethanol (200 ml) was suspended the 
compound prepared in Example FF (3.0 g, 9.6 mmol) and 
sodium cyanoborohydride (0.7 g, 10 mmol) and 
three drops of concentrated HCl was added, giving a 
30 bright yellow solution. As the reaction progressed 

and was monitored by TLC (silica gel, CH 2 Cl-2/CH 3 OH 9:1 
v/v) additional aliquots of concentrated HCl were 
added as needed to maintain the progress of the 
reaction. After six hours the reaction was quenched 
35 by adding it to 300 ml of water. The mixture was 
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extracted several times with CH 2 c l2 and the combined 
organic layers dried, filtered, and evaporated to a 
yellow solid* This solid was filtered through silica 
gel with CH2CI2 and after evaporation the solid was 
5 crystallized from isopropyl ether. The collected 
crystals were further purified by column 
chromatography on silica gel with CH2CI2 to give the 
title compound (2.2 g, 73%). 

The following compound was prepared in the same 
10 manner: 

a) 7-chloro-6-f luoro-1- ( 2 , 4-dif luorophenyl ) - 
1,2,3, 4-tetrahydro-4-oxo-l , 8-naphthyridine-3-carboxvlic 
acid ethyl ester 

Example HH 

15 7-Chloro-l-cyclopropyl-6-fluoro-2 , 3 , 4-tetrahydro-5- 

methyl-4-oxo-l, 8-naphthyridine-3-carboxylic acid ethyl 
ester 

Compound GG (4.5 g, 14 mmol) was dissolved in THF 
(170 ml) and cooled to <-70°C. Then sec-butyl lithium 

20 (22.2 ml, 28 mmol, 1.3M) was added dropwise over 

30 minutes, always keeping the internal temperature 
<-70°C. After stirring at -70 °C for one hour, methyl 
iodide (0.9 ml, 14 mmol) was added and the reaction 
stirred at -70°C for seven hours. The reaction flask 

25 was transferred to a Dewar containing dry 

ice/isopropanol and allowed to stand for 17 hours. At 
the end of this time period the reaction temperature 
had warmed to -25 °C. The reaction was quenched by the 
addition of saturated NH 4 C1 solution (50 ml) and 

30 diluted with an equal volume of CH 2 C1 2 . The organic 
layer was separated and washed with saturated NaCl 
solution, dried, filtered,- and evaporated to an oil. 
This oil was purified by column chromatography on 
silica gel with CH 2 C1 2 to give, after combining and 
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evaporating the appropriate fraction, the title 
compound (3*91 g, 85%). 

Example II 

7-Chloro-l-cyclopropyl-6-f luoro-1 , 4-dihydro- 5 -methyl - 
5 4-oxo-l,8-naphthyridine-3-carboxylic acid ethyl ester 
Using the procedure of Reich, et al, J. Amer. 
Chem. Soc, (1975) 97/ 5434, the compound prepared in 
Example HH (0.68 g, 2.1 mmol) was converted into the 
title compound (0.44 g, 64%). Purification was 
10 achieved by crystallization from isopropyl ether. 

Example JJ 
3-Bromo-2 , 5 , 6-trif luorobenzoic acid 

n-Butyl lithium (2.6 M in hexanes, 32 ml, 
84 mmol) was added over 10 minutes to a solution of 

15 diisopropylamine (8.89 g, 88 mmol) in THF (80 ml). 

stirred under N 2 at 0°C. After a further 10 minutes 
at 0°, the solution was transferred by catheter over 
40 minutes to a solution of 2,4,5-trifluorobromo- 
benzene (16.88 g, 80 mmol) in THF (200 ml) stirred 

20 under N 2 at -78° C. After a further 15 minutes the 

solution was blown through a catheter over ~2 minutes 
onto a slurry of C0 2 (^200 ml) in ether (400 ml) with 
vigorous stirring. When the C0 2 evaporated the slurry 
was washed with dilute HC1 (1 M, 200 ml) and water 

25 (100 ml). The organic phase was extracted with dilute 
NaOH (0.5 M, 2x100 ml). The aqueous phase was 
extracted with ether (2x100 ml), and the combined 
organic phases were washed with water (100 ml), 
saturated brine (100 ml), and dried (MgS0 4 ). The 

30 solvent was removed under reduced pressure to give 

3-bromo-2, 5 ,6-trif luorobenzoic acid .(17.25 g, 84.5%) 
as white microcrystalline needles; mp 114-6°C 
(sublimation) . 
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Example KK 

l-Bromo-2 , 4 , 5-trifluoro-3- (trif luorme thy 1 )benzene 
3-Bromo-2,5,6-trifluorobenzoic acid (16.92 g, 
66 mmol) was heaated with SF 4 (60 g) and HF (30 g) in 
5 a stainless steel bomb at 120 °C for 8 hours* When the 
reaction cooled to 25 °C, the volatiles were vented 
through KOH traps, and when gas evolution ceased the 
vessel was extracted with CE z Cl 2 (150 ml). This 
solution was washed with diluted NaHC0 3 solution 

10 (saturated/2, 50 ml), saturated brine (50 ml), and 
dried (MgS0 4 ) . The solvent was removed by- 
distillation through a 15-cm Vigreux column, and the 
residue was distilled under N 2 through a shortpath 
stillhead at 147-150°C to give l-bromo-2,4,5-trifluoro- 

15 3(trifluoromethyl)benzene (15.79 g, 83%) as a pale 
yellow oil. nmr (CDC1 3 ) 6 7.67 (1H, d of t, J d = 
6 Hz, J t 8.1 Hz, aromatic). 

Example LL 

2 , 4, 5-Trif luoro-3- ( trif luoromethyl Ibenzoic acid 

20 A solution of n-butyl lithium (2.6 M in hexanes, 

9.6 ml, 25 mmol) was added dropwise through an 
addition funnel over 15 minutes to a solution of 
l-bromo-2 , 4-5-trif luoro-3- (trif luoromethyl ) benzene 
(7.00 g, 25 mmol) in ether (100 ml) stirred under N 2 

25 at -78 °C. After 5 minutes the mixture was rapidly 

blown by catheter onto a suspension of dry ice (100 g) 
in ether (100 ml). "After 5 minutes TFA (2 ml) was 
added to this. When the solution had warmed up to 
20°C, it was washed with diluted HC1 (0.5 M, 20 ml), 

30 and extracted with dilute base (0.5 N, 2x50 ml). The 
combined basic extracts were washed with ether 
(25 ml), made acidic with concentrated HC1 (~4 ml), 
and extracted with ether (3x50 ml). The combined 
ethereal extracts were washed with water (50 ml), 

35 saturated brine (50 ml), and dried (MgS0 4 ) . The 



WO 89/06649 



PCT/US89/00278 



-68- 

solvent was removed under reduced pressure to give 
2 ,4, 5-trif luoro-3- ( trifluoromethyl )benzoic acid 
(4*21 g, 69%) as white microscopic needles; 
mp 87-90°C Nmr (CDC 3 ) 6 11.80 (1H, br s, OH), 8.05 
5 (1H, d of t, J d = 6 Hz, J t = 9 Hz, aromatic). 

Example MM 

N- ( 2 -Hydroxy- 1 , 1-dimethylethyl ) -2 , 4 , 5-trifluoro-3- 
trif luoromethyl )benzamide 

A solution of 4.88 g (20.0 mmol) of 2,4,5-tri- 

10 fluoro-3-(trifluoromethyl)benzoic acid, 2.80 g 

(22.0 mmol) of oxalyl chloride, and 50 ml of methylene 
chloride was treated with 1 drop of DMF and stirred at 
room temperature for 4 hours. The solution was 
concentrated to a yellow -oil which was dissolved in 

15 methylene chloride (20 ml) and added to a cold (ice 
bath) solution of 2.53 g (25 mmol) of triethylamine, 
1.96 g (22 mmol) of 2-amino-2-methyl-l-propanol, and- 
- 40 ml of methylene chloride. The mixture was allowed 
to warm slowly to room temperature overnight • The 

20 solution was poured into 50 ml of 1 N HC1, and the 
organic layer was separated and washed with water. 
The solution was dried over magnesium sulfate and 
concentrated to give 5.81 g of the title compound as a 
yellow oil. 

25 Example NN 

2- [2,4 , 5-Trif luoro-3- ( trif luoromethyl )phenyll -4, 4- 

dimethyl-2-oxazoline 

A solution of 5.81 g (18.4 mmol) of N-(2-hydroxy- 

1 r 1-dimethylethyl ) -2 , 4 , 5-trif luoro-3 -( trif luoromethyl ) - 
30 benz amide in 100 ml of chloroform at 0°c was treated 

dropwise with 5 ml of thionyl chloride. The mixture 

was allowed to warm to room temperature overnight. 

The solution was concentrated to a yellow oil which 

was dissolved in 20 mi of DMF and treated with 0.8 g 
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(21.6 mmol) of 60% sodium hydride. This reaction 
mixture was stirred at room temperature for 18 hours, 
then poured into 50 ml of dilute NaHC0 3 . The solution 
was extracted with ethyl acetate; the organic phase 
5 was washed with water and dried over magnesium 

sulfate. Concentration in vacuo gave an orange oil 
which was chromatographed on silica, eluting with 2% 
methanol in chloroform, to give 2.62 g of a yellow 
oil. 

10 Example 00 

2- 2 , 4 , 5-Trif luoro-3- ( trif luoromethyl )-6-methylphenyl 1 - 
4 , 4-dimethyl-2-oxazoline 

A solution of 1.12 g (11.0 mmol) of diisopropyl- 
amine in 5 ml of THF was cooled to 0°C under nitrogen, 

15 treated with 4.0 ml of 2.5 M n-butyllithium, and 

stirred for 10 minutes. This lithium diisopropylamide 
solution was added dropwise to a solution of 2.36 g . 
(8 mmol) of 2-[2,4,5-trifluoro-3-(trifluoromethyl)- 
. phenyl] -4, 4-dimethyl-2-oxazoline in 5 ml of THF at 

20 -78°C. The solution was stirred at -78°C for 

one hour, then quenched with 2.24 g (16 mmol) of 
methyl iodide. The mixture was allowed to warm slowly 
to room temperature, stirred for one hour, and poured 
into 10 ml of 1 N HC1. This solution was extracted 

25 with ether, and the extract was washed with water, 

dried over magnesium sulfate, and concentrated to give 
2.28 g of the title compound. 

Example FP 

3- ( Exo- amino ) -8-azabicyclo [3.2.11 octane , dihydro- 
30 chloride 

A mixture of 4.6 g (20 mmole) of 8-(phenylmethyl)- 
8-azabicyclo[3.2.1]octan-3-one, oxime [J. R. Bagley 
and T. N. Riley, J. Heterocyclic Chem., 19, 485 
(1982)], 0.5 g of 10% rhodium on carbon, and 100 ml of 
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acetic acid was hydrogenated until the requisite 
amount of hydrogen was taken up. The reaction mixture * 
was filtered and two equivalents of HC1 was added. 
The solid was filtered to yield 2.80 g of the title 
compound, mp >300°C. 

Example QQ 

3 (Endo-amino)-8-azabicyclo [3 . 2 .11 octane f dihydro- 
chloride 

A solution of 7.33 g (25 mmol) of 3 - ( endo-amino ) - 
8- (phenylmethyl ) -8-azabicyclo [3.2.1] octane 
dihydrochloride [P. Dostert et al, Eur. J. Med. 
Chem.-Chim. Ther., 19 , 105 (1984)], 1.0 g of 20% 
palladium on carbon and 100 ml of methanol was 
hydrogenated until the required amount of hydrogen was 
taken up. The reaction mixture was filtered and the 
filtrate was evaporated to 4.5 g of the title compound 
which was used without purification. 

Example 1 

l-Cyclopropyl-6 , 8-dif luoro-1 , 4-dihvdro-5-methyl-4-oxo-7- 
( 1-piperazinyl ) -3 -quinolinecarboxylic acid 

A suspension of 0*85 g (2.85 mmol) of 1-cyclo- 
propyl-6 , 7 , 8-trif luoro-1 , 4-dihydro-5-methyl-4-oxo-3 - 
quinolinecarboxylic acid, 1.00 g (11.6 mmol) of 
anhydrous piperazine, and 20 ml of acetonitrile was 
refluxed for five hours , then stirred at room 
temperature overnight. The precipitate was filtered, 
washed with water and acetonitrile, and dried to give 
0.91 g of the title compound, mp 205-206°C 

Example 2 

7-(3-Amino-l-pyrrolidinyl )-l-cyclopropyl-6 , 8-dif luoro- 
1 , 4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic acid 

A mixture of 1.00 g (3.36 mmol) of 1-cyclopropyl- 
6,7, 8-trif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
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carboxylic acid, 0.63 g (3.38 mmol) of 3-(t-butoxy- 
carbonyl)aminopyfrolidine / 1.00 g (9.91 mmol) of 
triethylamine, and 35 .ml of acetonitrile was refluxed 
for five hours, then stirred at room temperature 
5 overnight. The precipitate- was filtered and washed 
with acetonitrile and ether. The crude product was 
suspended in 20 ml of 6M hydrochloric acid and 20 ml 
of glacial acetic acid and was heated at 60°C for 
two hours. The solution was concentrated to an oil 
10 which was triturated with isopropanol. The solid was 
filtered and washed with ether to give 1.04 g of the 
title compound as the hydrochloride salt, mp >300°C. 



Example 3 

l-Cvclopropyl-7- T3- F ( ethylamino )methy!1 -1-pyrrolidinyl] - 
15 6 , 8-dif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-cniinoline- 
carboxylic acid 

A mixture of 0.80 g (2.70 mmol) of 1-cyclopropyl- 
6,7, 8-trif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 0.41 g (3.20 mmol) of N-ethyl-3-pyrrol- 
20 idinemethanamine, 0.82 g (8.10 mmol) of triethylamine, 
and 25 ml of acetonitrile was refluxed for four hours, 
then stirred at room temperature overnight. The 
precipitate was filtered, washed with acetonitrile and 
ether, and dried to give 0.90 g of the title compound, 
25 mp 1.98-199°C. 



Example 4 

7- T3- (Aminomethyl )-3-methyl-l-pyrrolidinyl1 -1-cyclo- 
propyl-6 , 8-dif luoro-1 , 4-dihvdro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid 
30 A mixture of 0.60 g (2.02 mmol) of 1-cyclopropyl- 

6,7, 8-trif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 0.28 g (2.45 mmol) of 3-methyl-3- 
pyrrolidinemethanamine, 0.61 g (6.06 mmol) of 
triethylamine, and 20 ml of acetonitrile was refluxed 
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for four hours, then stirred at room temperature 
overnight. The precipitate was filtered, washed with 
ether, and dried to give 0*61 g of the title compound, 
mp 182-184°C. 

5 Example 5 

1- Cyclopropyl-6 , 8-difluoro-l , 4 - dihy dr o - 5 -methyl - 7 - T3- 
methyl-l-piperazinyll -4-oxo-3 -quinolinecarboxylic acid 

A suspension of 0.80 g (2.69 mmol) of 1-cyclopro- 
pyl-6 , 7 , 8-trifluoro-l , 4-dihydro-5-methyl-4-oxo-3- 
10 quinolinecarboxylic acid, 1.08 g (10.8 mmol) of 

2- methylpiperazine, and 20 ml of acetonitrile was 
refluxed for three hours, then cooled in an ice bath. 
The precipitate was filtered, washed with water and 
acetonitrile, and dried to give 0.76 g of the title 

15 compound, mp 187-188 °C. 

Example 6 

l-Cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-7- 
( 1-piperazinyl ) -3-quinolinecarboxylic acid 

A suspension of 0.70 g (2.50 mmol) of 1-cyclo- 

20 propyl-6 , 7-difluoro-l , 4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 0.86 g (10.0 mmol) of 
anhydrous piperazine and 20 ml of acetonitrile was 
refluxed for five hours, then stirred at room 
temperature overnight. The precipitate was filtered, 

25 washed with water and acetonitrile, and dried to give 
0.85 g of the title compound, mp 226-228°C. 

Example 7 

l-Cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-7- ( 3-methyl- 
l-piperazinyl )-4-oxo-3-quinolinecarboxylic acid 
30 A mixture of 0.75 g (2.68 mmol) of 1-cyclopropyl- 

6 , 7-difluoro-l, 4-dihydro~5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 1.07 g (10,4 mmol) of 2-methyl- 
piperazine and 30 ml of acetonitrile was refluxed for 
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five hours, then stirred at room temperature 
overnight. The precipitate was filtered, washed with 
water/ethanol and acetonitrile, and dried to give 
0-42 gof the title compound, mp 189-192°C. 

5 Example 8 

7- (3-Amino-l-pyrrolidinyl )-l-cyclopropyl-6-f luoro-1 , 4- 
dihydro-5-methyl-4-oxo-3-cniinolinecarboxylic acid 

A mixture of 0.70 g (2.50 mmol) of 1-cyclopropyl- 
6 , 7-dif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 

10 carboxylic acid, 0.56 g (3.00 mmol) of 3-(t-butoxy- 
carbonyl ) ami nopyrrolidine , 0.76 g (7.52 mmol) of 
triethylamine, and 25 ml of acetonitrile was refluxed 
for 4.5 hours, then stirred at room temperature 
overnight. The solids were filtered and washed with 

15 acetonitrile and ether. The crude product was 

dissolved in 20 ml of 6N hydrochloric acid and 20 ml 
of acetic acid and was stirred at room temperature for 
three hours. The solution was concentrated to an oil 
which was triturated with 2:1 etliertisopropanol^ The 

20 solids were filtered and washed with ether to give 
0.95 g of the title compound as the hydrochloride 
salt, mp >300°C. 

Example 9 

7- r3-(Aminomethyl )-3-methyl-l-pyrrolidinyl] -1-cyclo- 
25 propyl-6-f luoro-1, 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid 

A mixture of 0.61 g (2.18 mmol) of 1-cyclopropyl- 
6 , 7-dif luoro-1 , 4- dihy dr o - 5 -methyl -4-oxo-3 - guino 1 ine - 
carboxylic acid, 0.56 g (2.61 mmol) of 3- [ ( t-butoxy- 
30 carbonyl)aminomethyl]-3-methylpyrrolidine, 0.66 g 
(6.54 mmol) of triethylamine, and 25 ml of 
acetonitrile was refluxed for six hours, then stirred 
overnight at room temperature. The precipitate was 
filtered and washed with acetonitrile and ether. The 
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crude product was suspended in 20 ml of 6N 
hydrochloric acid and 20 ml of glacial acetic acid and 
was stirred at room temperature for three hours . The 
solution was concentrated and the residue was 
5 triturated with ether. The solid was filtered and 

washed with ether to give 0*61. g of the title compound 
as the hydrochloride, mp 250-252° C. 

Example 10 

8-Chloro-l-cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4- 
10 oxo-7- ( 1-piperazinyl ) -3-quinolinecarboxylic acid 

A suspension of 0.38 g (1.21 mmol) of 8-chloro-l- 
cyclopr opy 1 - 6 , 7-difluoro-l , 4-dihydro-5-methyl-4-oxo-3- 
guinolinecarboxylic acid, 0.42 g (4.88 mmol) of 
piperazine and 20 ml of acetonitrile was refluxed for 
15 four hours, then stirred at room temperature 

overnight. The precipitate was filtered and washed 
with water and acetonitrile to give. 0.32 g of the 
title compound, mp 234-235°C. 

Example 11 

20 7-(3-Amino-l-pyrrolidinyl)-8-chloro-l-cyclopropyl-6- 

fluoro-l,4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic 
acid 

A mixture of 0.50 g (1.60 mmol) of 8-chloro-l- 
cyclopropyl-6 , 7-difluoro-l , 4-dihydro-5-methyl-4-oxo-3- 

25 quinolinecarboxylic acid, 0.36 g (1.93 mmol) of 
3- ( t-butoxycarbonyl ) ami nopyrrolidine , 0.48 g 
(4.75 mmol) of triethylamine, and 20 ml of 
acetonitrile was refluxed for four hours, then stirred 
at room temperature overnight. The solution was 

30 . concentrated and the residue was triturated with 

ether :hexane (1:1) and filtered. The solid was washed 
with water and hexane. The crude product was 
suspended in 15 ml of dichloromethane and 1.5 ml of 
trifluoroacetic acid and was stirred at room 
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temperature for four hours. The solution was 
concentrated to a gold solid which was suspended in 
water, made basic (pH 11) with 10% sodium hydroxide, 
and filtered. The solution was then neutralized 
5 (pH 7.10), and the precipitate was filtered and washed 
with water to give 0*29 g of the title compound, 
mp 124-126°C. 

Example 12 

l-Ethyl-6 , 8-dif luoro-1 , 4-dihvdro-5-methyl-4-oxo-7- 
10 ( 1-piperazinyl ) -3-quinolinecarboxylic acid 

A mixture of 0.45 g (1.58 mmol) of l-ethyl-6, 7, 8- 
trif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 0.54 g (6.27 mmol) of anhydrous 
piperazine, and 20 ml of acetonitrile was refluxed for 
15 three hours, then cooled to room temperature. The 
solids were filtered and washed with water, 
acetonitrile, and ether to give 0.48 g of the title 
compound, mp 223-225°C. 

Example 13 

20 7- ( 3-Amino-l-pyrrolidinyl ) -l-ethyl-6 , 8-dif luoro-1 , 4- 
dihydro-5-methyl-4-oxo-3-quinolinecarboxylic acid 

A mixture of 0.36 g (1.25 mmol) of l-ethyl-6, 7,8- 
trif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 0.26 g (1.39 mmol) of 3-(t-butoxy- 

25 carbonyl)aminopyrrolidine, 0.38 g (3.76 mmol) of 

triethylamine, and 20 ml of acetonitrile was refluxed 
for five hours, then stirred at room temperature 
overnight. The solids were filtered and washed with 
acetonitrile and ether. The crude product was 

30 dissolved in 5 ml of 6N hydrochloric acid and 5 ml of 
glacial acetic acid and stirred for five hours at room 
temperature. The solution was concentrated to a solid 
which was suspended in water, made basic (pH 12), 
filtered through a fiberglass pad, and neutralized 
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(pH 6.8). The solids were filtered and washed with 
water to give 0*32 g of white solid, mp 218-220°C. 

Example 14 

6 , 8-Difluoro-l- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5- 
methyl-4-oxo-7- ( 1-piperazinyl ) -3-quiiioiiiiecarboxylic 
acid 

A solution of 0.43 g (1.08 mmol) of ethyl 
6,7, 8-trif luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5- 
methyl-4-oxo-3-quinolinecarboxylic acid, 0.37 g 
(4.30 mmol) of anhydrous piperazine, and 20 ml of 
acetonitrile was refluxed overnight, cooled to room 
temperature, and concentrated. The residue was taken 
up in 10 ml of 6N hydrochloric acid and refluxed for 
two hours. The mixture was cooled and the solids were 
filtered. The crude product was suspended in water 
which was made basic (pH 12 ) , filtered through a 
fiberglass pad, and neutralized (pH 6.5). The solids . 
were filtered and washed with water and ether to give 
0 .3 7 -g- o f ..the— title- compound, -mp 283 -284 ° C. — 

The following compound was prepared following the same 
procedure : 

a) 6 , 8-Difluoro-l- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro- 
5 -methyl - 7 - ( 3 , 5-dimethyl-l-piperazinyl ) -4-oxo-3- 
guinolinecarboxylic acid , mp 240-242°C. 

Example 15 

7- (3-Amino-l-pyrrolidinyl )-6 , 8-difluoro-l- (2 , 4-dif luoro- 
phenyl ) -1 , 4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic 
acid 

A solution of 0.40 g (1.00 mmol) of ethyl 6,7,8- 
trif luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5-methyl-4- 
oxo-3-quinolinecarboxylic acid, 0.22 g (1.18 mmol) of 
3-t-butoxycarbonylaminopyrrolidine, 0.30 g (3.00 mmol) 
of triethylamine, and 15 ml of acetonitrile was 
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refluxed for 18 hours. The mixture was cooled and 
concentrated. The residue was dissolved in 10 ml of 
6N hydrochloric acid, refluxed for three hours, and 
cooled to room temperature. The solids were filtered, 
5 washed with water and ether, and suspended in water. 
The suspension was made basic (pH 12) and filtered 
through a fiberglass pad, and the filtrate was 
neutralized to pH 6.7. The solids were filtered and 
washed with water and ether to give 0.38 g of the 
10 title compound, mp 230-232°C. 

Example 16 

6 , 8-Dif luoro-1 , 4-dihydro-5-methyl-4-oxo-7- ( 1-pipera- 
zinvl ) -l-vinyl-3-quinolinecarboxylic acid 

A solution of 0.69 g (1.80 mmol) of ethyl 

15 6,7, 8-trif luoro-1 , 4-dihydro-5-methyl-4-oxo-l-vinyl-3- 
quinolinecarboxylate, 0.62 g (7-2 mmol) of anhydrous 
piperazine, and 20 mmol of acetonitrile was refluxed 
for 18 hours, cooled, and concentrated. The residue 
was suspended in 25 ml of IN sodium hydroxide and 

20 heated at 80°C for 90 minutes. The clear yellow 

solution was cooled to room temperature, filtered, and 
neutralized (pH 6.8) with 6N hydrochloric acid. The 
solids were filtered, washed with water and ether, and 
dried to give 0-32 g of the title compound, 

25 mp 222-225°C. 

The following compound was prepared in identical 
fashion: 

a) 6 , 8-Dif luoro-1 , 4- di hydro - 5 -methyl - 7 - ( 3 -methyl - 
1-pjperazinyl ) -l-vinyl-3-guinolinecarboxylic acid , 
30 mp 232-235°C. 
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Example 17 

6-Fluoro-l- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5-methyl-4- 
oxo-7- ( 1-piperazinyl ) -3-guinolinecarboxylic acid 

A solution of 0,76 g (2*00 mmol) of ethyl 
6 , 7-difluoro-l- ( 2 , 4-di f luorophenyl ) -1 , 4-dihydro-5- 
methyl-4-oxo-3-guinolinecarboxylate, 0*69 g 
(8.00 mmol) of anhydrous piperazine, and 30 ml of 
acetonitrile was refluxed for 18 hours, cooled, and 
concentrated. The residue was dissolved in 20 ml 6N 
hydrochloric acid and refluxed for three hours. The 
suspension was cooled, concentrated by half and 
filtered, and the solids were washed with water. The 
crude product was suspended in water which was made 
basic (pH 12), filtered, and neutralized to pH 6.8. 
The precipitate was filtered and neutralized to 
pH 6.8. The precipitate was filtered, washed with 
water, and dried to give 0.58 g of the title compound, 
mp 1?8-200°C. 

The following compounds were also prepared by 
following essentially the same procedure: 

a) 6-Fluoro-l- (2 , 4-dif luorophenyl ) -1 , 4-dihydro-5- 
methyl-7- ( 3-methyl-l-piperazinyl ) -4-oxo-3-quinoline- 
carboxylic acid , mp 188-191°C; 

b) 6-Fluoro-l- ( 2 , 4-di f luorophenyl ) -1 f 4-dihydro- 
5-methyl-7- ( 3 , 5-dimethyl-l-piperazinyl ) -4-oxo-3- 
guinolinecarboxylic acid , mp 213-215°C; 

c) 7- (3-Amino-l-pyrrolidinyl )-6-fluoro-l- (2,4- 
dif luorophenyl )-l ,4-dihydro-5-methyl-4-oxo-3-cruinoline- 
carboxylic acid , mp 232-234°C; 

d) 7- r3-(Ethylami no )methyl-l-pyrrolidinyl1-6- 

f luoro-1- ( 2 , 4-di f luorophenyl ) -1 , 4-dihydro-5-methyl-4- 
oxo-3-cniinolinecarboyxlic acid , mp 196-198°C; and 

e) 7 - T 3 - ( Aminome thy 1 ) -3 -methyl - 1 -pyrr o 1 i diny 1 1-6- 
f luoro-1- ( 2 f 4-dif luorophenyl ) -1 , 4- dihydr o - 5 -methyl -4 - 
oxo-3-guinolinecarboxylic acid , mp 181-184°C. 
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Example 18 

7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6-fluoro-l ,4- 
dihydr o - 5 -methyl -4 - oxo - 1 , 8-naphthyridine-3-carboxylic 
acid 

5 Triethylamine (0.17 ml, 1.2 mmol), 3-(l, 1-dimethyl 

ethoxycarbonylamino ) -pyrrolidine (0.22 g , - 2 . 1 mmol ) 
and 0.39 g (1.2 mmol) of 7-chloro-l-cyclopropyl-6- 
f luoro-1 , 4-dihydro-5-methyl-4-oxo-l , 8-naphthyridine-3- 
carboxylic acid ethyl ester were dissolved in 

10 acetonitrile (10 ml) and the mixture heated to reflux 
for four hours, then cooled and diluted with ether 
(50 ml). This solution was washed with saturated 
solutions of KHCO3 and NaCl and dried over Na 2 S0 4 . It 
was necessary to add CH 2 C1 2 to maintain a homogeneous 

15 solution. After filtration and evaporation the 

product was dissolved in ether and allowed to stand. 
The crystals formed were collected to give 0.56 g of 
the intermediate ester. The intermediate ester was 
dissolved in acetic acid (15 ml) and 6N HCl (1 ml) was 

20 added and the mixture heated to reflux for two hours, 
then evaporated to a gum. This .gum was dissolved in 
ethanol (10 ml), and 5N NaOH (2 ml) was added and the 
mixture stirred for "two hours. The reaction was 
evaporated to a gum and dissolved in water (60 ml) to 

25 give a solution at pH 12. The pH was adjusted to 6.5 
and the solid formed collected and washed with water 
and dried to give the title compound (0.38 g). 



Example 19 

l-Cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-7- 
30 (l-piperazinyl)-l, 8-naphthyridine-3-carboxylic acid 

The procedure used in Example 18 was employed to 
prepare the title compound in 58% yield. 
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Example 20 

l-Ethyl-6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-l- (pipera- 
zinyl ) -3 -quinolinecarboxylic acid 

A suspension of 0.67 g (2.50 mmol) of 1-ethyl- 
5 6 ,7-difluoro-l, 4-dihydro-5-methyl-4-oxo-3 -quinoline- 
carboxylic acid, 0.86 g (10.0 mmol) of anhydrous 
piperazine, and 25 ml of acetonitrile was refluxed for 
six hours, then cooled to room temperature . The 
solids were filtered, washed with water and ether, and 
10 dried to give 0.58 g of the title compound, 
mp 225-227°C. 

The following compounds were prepared by 
following essentially the same procedure: 

a) l-Ethyl-7- [3-[ (ethylandno)methyll-l-pyrroli- 

15 dinyll -6-fluoro-l , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid , mp 180-182°C. 

b) 7- ( 3-Amino-l-pyrrolidinyl ) - 1 - ethyl - 6 - f luo r o - 

1 # 4-dihydro-5-methyl-4-oxo-3 -quinolinecarboxylic acid , 
mp 210-213°C. 

20 c) l-Ethyl-6-f luoro-1 , 4-dihydro-5-methyl-7- ( 3- 

methyl-l-piperazinyl ) -4-oxo-3-quinolinecarboxylic acid , 
mp 228-231°C. 

d) l-Ethyl-6-f luoro-1 , 4- dihydro- 5 -methyl -7 - 

3 , 5-rii methyl-l-piperazinyl ) -4-oxo-3 -quinolinecarboxylic 
25 acid, mp 219-221°C. 

e) 7- r3-(A3ou.nomethyl )-3-methyl-l-pyrrolidinyl1 - 
l-ethyl-6-f luoro-1 , 4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid , mp 223-225°C. 

Example 21 

30 7- T 3 - ( Endo- amino ) -8- az abicyclo r 3 . 2 . 11 oct-8-yl 1-8- 

chloro-l-cyclopropyl-6-f luoro-1 , 4 - dihydro - 5 -methy 1-4- 
oxo-3 -quinolinecarboxylic acid 

A mixture of 0.50 g (1.6 mmol) of 8-chloro-l- 
cyclopropyl-6 , 7-dif luoro-1 , 4-dihydro-5-methyl-4-oxo-3- 
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guinolinecarboxylic acid, 0.36 g (1.8 mmol) of 
3 - ( endo- amino ) -8-azabicyclo [3.2.1] octane 
dihydrochloride , 0.72 ml (4.8 mmol) of 1,8-diazabicyclo 
[5.4.0]undec-7-ene and 15 ml of acetonitrile was 
5 heated at reflux for 18 hours. The suspension was 
cooled to room temperature, diluted with ether, and 
refrigerated. The resulting solid was filtered, 
washed with ethanol and ether, and dried to give the 
title compound. 
10 The following compounds were prepared in 

identical fashion: 

Example a. 7- [3- (endo-amino) -8-azabicyclo [3. 2.1]= 
oct-8-yl] -6 , 8-difluoro-l- (2 , 4-difluorophenyl] -1 , 4- 
-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic acid . 

15 Example b. 7- [3- (endo-amino) -8-azabicyclo [3. 2.1]- 
oct-8-yl]-l-cyclopropyl-6 , 8-difluoro-l , 4-dihydro-5- 
methyl-4-oxo-3-quinolinecarboxylic acid. 
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CLAIMS 

1. A compound of formula 




i 

R 2 



or a pharmaceutically acceptable acid addition or 
base salt thereof wherein Z is 

/ V I 

R 4- N v N— or (CRgR*) 



R 4 -N^N- R 4 -N^N- 



N N — 



zy 
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wherein R 4 is hydrogen, alkyl of from one to 
four carbon . atoms , a cycloalkyl of from three to 
six carbon atoms, R' is hydrogen, hydroxyl, alkyl 
of from one to four carbon atoms, phenyl or 
phenyl substituted by halogen, alkyl or alkoxy, n 
is an integer of from 0 to 4, R 5 and R 6 are each 
independently hydrogen, lower alkyl or 
cycloalkyl; 

X is CH, CF, CC1, CBr, N, CCF 3 , CNH 2 t CN0 2 / CR, 
or COR' wherein R is lower alkyl and R 1 is 
hydrogen or lower alkyl; 

R 3 is lower straight, branched, or cyclic alkyl 
of from one to three carbon atoms; 

R 2 is alkyl of from one to four carbon atoms, 
vinyl, haloalkyl, hydroxyalkyl of from two to 
four carbon atoms, cycloalkyl of from three to 
six carbon atoms, phenyl or phenyl substituted by 
halogen, alkyl, NH 2 or OH; and 

R t is hydrogen, alkyl of from one to six carbon 
atoms, or a cation. 

A compound according to Claim 1, wherein X is CH, 
CF, CC1 or N. 

A compound according to Claim 1, wherein R 2 is 
cyclopropyl, ethyl or 2,4-difluorophenyl* 

A compound according to Claim 1, wherein R 3 
methyl, ethyl, isopropyl, or cyclopropyl. 
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A compound according to Claim 1, wherein R x is 
hydrogen or a pharmacetrtically acceptable base 
salt thereof. 

A compound according to Claim l f wherein 
2 is 



R4-N 



NR5R6 

N— or (C*5**)n 



wherein R 4 is hydrogen, methyl or cyclopropyl, R* 
is hydrogen or methyl, n is 0, 1, or 2, R 5 and R 6 
are each independently hydrogen or methyl. 

A compound according to Claim 6 wherein Z is 
selected from the group consisting of: 
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A compound according "bo Claim 1 and selected from 
the groups consisting of: 

l-cyclopropyl-6 , 8-difluoro-l , 4 - dihy dr o - 5 -methyl - 
4-OXO-7- (1-piperazinyl ) -3-quinolinecarboxylic 
acid r 

7- ( 3 - amino - 1 -pyrr o 1 i diny 1 ) -l-cyclopropyl-6 , 8- 
dif luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 

l-cyclopropyl-7- [3- [ (ethylamino )methyl] -1-pyrroli- 
dinyl [-6 , 8 -dif luoro-1 , 4 - dihy dr o - 5 -methyl -4 - oxo - 
3-quinolinecarboxylic aqid, 

7- [3- ( aminomethyl ) -3-methyl-l-pyrrolidinyl-l- 
cyclopropyl-6 , 8-difluoro-l , 4-dihydro-5-methyl-4- 
oxo-3-guinolinecarboxylic acid, 

l-cyclopropyl-6 , 8-difluoro-l , 4- dihydr o - 5 -methyl - 
7-[3-methyl-l-piperazinyl]-4-oxo-3-quinoline- 
carboxylic acid, 

l-cyclopropyl-6 -f luoro-1 , 4 - dihy dr o - 5 -methyl -4 - 
oxo-7- (1-piperazinyl ) -3-quinolinecarboxylic acid, 
l-cyclopropyl-6 -f luoro-1 , 4- dihydr o - 5 -methyl - 7 - 
(3-methyl-l-piperazinyl ) -4-oxo-3-quinpline- 
carboxylic acid, 

7- ( 3-amino-l-pyrrolidinyl ) -l-cyclopropyl-6- 
f luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 

7- [3 - ( aminomethyl ) -3 -methyl - 1 -pyr r o 1 i diny 1 ] -1- 
cyclopropyl-6-f luoro-1 , 4-dihydro-5-methyl-4-oxo- 
3-quinolinecarboxylic acid, 

8- chloro-l-cyclopropyl-6-fluoro-l , 4-dihydro-5- 
methy 1 -4- oxo - 7 - ( 1-piperazinyl ) -3 -quinoline- 
carboxylic acid, 

7- ( 3-amino-l-pyrrolidinyl ) -8-chloro-l-cyclopropyl- 
6- f luoro-1 , 4-dihydro-5-methyl-4-oxo-3-quinoline- 
carboxylic acid, 
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1- ethyl- 6 , 7-dif luoro-1 , 4- dihy dr o- 5 -methyl -4 - oxo - 
7- ( l-piperazinyl ) -3-quinolinecarboxylic acid, 
7- ( 3-amino-l-pyrrolidinyl ) -l-ethyl-6 , 8-dif luoro- 
1 , 4~dihydro"-5-methyl-4-oxo-3-quinolinecarboxylic 
acid, 

6 , 8-dif luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5- 
methyl-4-oxo-7- ( 1-piperazinyl ) -3-quinoline- 
carboxylic acid, 

6 , 8-dif luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro- 

5- methyl-7- ( 3 , 5-dimethyl-l-piperazinyl )-4-oxo-3- 
quinolinecarboxylic acid, 

7- (3-amino-l-pyrrolidinyl ) -6 , 8-dif luoro-1- (2 , 4- 
dif luorophenyl ) -1 , 4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 

6 , 8-dif luorb-1 , 4-dihydro-5-methyl-4-oxo-7- ( 1- 
piperazinyl ) -l-vinyl-3-quinolinecarboxylic acid r 
6 , 8-dif luoro-1 , 4 - dihy dr o - 5 -me thy 1 - 7 - ( 3 -methyl - 
l-piperazinyl )-l-vinyl-3-quinolinecarboyxlic 
acid, 

6- f luoro-1- ( 2, 4-dif luorophenyl )-l , 4-dihydro-5- 
methyl-4-oxo-7- ( l-piperazinyl ) -3-quinoline- 
carboxylic acid, 

6-f luoro-1- (2 , 4-dif luorophenyl )-l , 4-dihydro-5- 
methyl-7- (3 -methyl- l-piperazinyl ) -4-oxo-3- 
quinolinecarboxylic acid, 

6- f luoro-1- (2 , 4-dif luorophenyl )-l , 4-dihydro-5- 
methyl-7-(3 , 5-dimethyl-l-piperazinyl )-4-oxo-3- 
guinolinecarboxylic acid, 

7- (3-amino-l-pyrrolidinyl ) -6-f luoro-1- (2,4- 
dif luorophenyl ) -1 , 4-dihydro-5-methyl-4-oxo-3- 
quinolinecarboxylic acid, 

7_ [3- (ethylamino )methyl-l-pyrrolidinyl] -6-fluoro- 
1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5-methyl-4- 
oxo-3-quinolinecarboyxlic acid, 
7- [3- ( aminomethyl ) -3-methyl-l-pyrrolidinyl ] -6- 
f luoro-1- ( 2 , 4-dif luorophenyl ) -1 , 4-dihydro-5- 
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methyl-4-oxo-3-quinolinecarboxylic acid, and 
pharmaceutically acceptable salts thereof* 

9* A compound according to Claim 1 and selected from 
the group consisting of l-cyclopropyl-7-(3-amino- 
1-pyrrqlidinyl )-6-fluoro-5-methyl-l , 4-dihydro-4- 
oxorl, 8-naphthyridine-3-carboxylic 
5 acid ethyl ester and l-cyclopropyl-7-(piperazinyl)- 

6-f luoro-5-methyl-l , 4-dihydro-4-oxo-l r 8- 
naphthyridine-3-carboxylic acid ethyl ester* 

10- A compound according to Claim 1 named 7-[3-(endo- 
amino ) -8-azabicyclo [3 .2 *l]oct-8-yl]-8-chloro-l- 
cyclopropyl-6-fluoro-l , 4-dihydro-5-methyl-4-oxo- 
3-guinolinecarboxylic acid* 

11. A pharmaceutical composition comprising an 

antibacterially effective amount of compound 
according to Claim 1 together with a 
pharmaceutically acceptable carrier* 

12* A method of treating bacterial infections in 
mammals which comprises administering to said 
mammal a pharmaceutical composition according to 
Claim 11. 

13* A process for the preparation of a compound 

according to Claim 1 which comprises reacting a 
compound of formula 

*3 



xxr"* 



N 

l 

R 2 
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wherein L is fluorine or chlorine with an amine 
t 5 corresponding to Z as defined in Claim 1 and, if 

desired, converting the resulting product to a 
t pharmaceutical^ acceptable acid addition or base 

salt thereof by known means. 

14. A compound named l-cyclopropyl-6,7,8-trifluoro- 
l,4-dihydro-5-methyl-4-oxo-3-quinolinecarboxylic 

acid ethyl ester. 

15. A compound named 2, 3,4,5-tetrafluoro-6-methyl- 
benzoic acid. 

16. A compound named 2,3,4,5-tetrafluoro-6-methyl- 
benzoyl chloride. 

17. A compound named ethyl 3- (2 *3 f 4,5-tetrafluoro-6- 
methylphenyl ) -p -oxo-propanoate . 

18. A compound named ethyl 2-(2,3,4,5-tetrafluoro-6- 
methylbenzoyl ) -3 -ethoxy aery 1 ate . 

19. A compound named ethyl 2- (2, 3, 4, 5-tetrafluorc?-6- 
methylbenzoyl ) -3 -cyclopropylaminoacrylate . 

20. A compound named 2-(2,4,5-trifluoro-3-trimethyl- 
s ilylphenyl ) -4 , 4-dimethyl-2 -oxazoline . 

21. A compound named 2-(2,4,5-trifluoro-6-methyl-3- 
trimethylsilylphenyl ) -4 , 4-dimethyl-2-oxazoline . 

22. A compound named 2-(2,4,5-trifluorophenyl)-4,4- 
dimethyl-2 -oxazoline . 



PCT/US89/00278 



-90- 

A process for the preparation of compound of 
formula 



R 




F 



wherein R is alkyl which comprises reacting a 
pentafluorooxazoline with alkyl lithium producing 
a compound of formula 




followed by acidic hydrolysis. 

A process for the preparation of compounds of 
formula 

R 




wherein R is alkyl which comprises 
(a) reacting a compound of formula 
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5 with a base and trimethylsilyl chloride producing 

a compound of formula 




SiMe 3 



(b) reacting that compound with a base and an 
! alkylhalide producing a compound of formula 




SiMe 3 



10 



(c) removing the SiMe 3 , and 

(d) hydrolyzing the resulting compound. 
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25. A process for the preparation of compounds of 
Formula X by 

(a) reacting a r expound of formula 




I 

R 2 



with oxalyl chloride and dimethyl formamide and 
5 quenching with alcohol to produce the 

corresponding ester 




I 

R 2 



(b) reducing the double bond to produce a 
compound of formula 




10 



(c) treating the compound from step (b) with a 
base, then methyl iodide to produce the alkylated 
compound 



-93- 



PCT/US89/00278 




I 

R 2 

(d) reintroducing the double bond and reacting 
the resulting naphthyridine with the desired 
amine by known means. 

Use of a compound according to Claims 1 to 
10 for the preparation of antibacterial 
pharmaceuticals . 

Process for the preparation of antibacterial 
pharmaceuticals comprising the incorporation 
of a compound according to. Claims 1 to 10 into 
a pharmaceutically acceptable carrier. 
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